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ABSTRACT 

L The area of irrigated temtories mereased k Hungary to a great extent jA the reoent ytah. 
For the time being, 70---/5 pet- cent of the iragated areas are located in tlie region beyond ^river Tmii, 
The majority of the irrigated soils in this region belong to meadow type soils, Wnen drainage is not 
carried out with a satisfactory care or Irrigation i;uioi adequately appUed, sod waters of allcauiic natu,e 
may rise and the possibility of a secondary alkaliuization must be considered. 

Investigations were uialcriaken in dillerent parts ^ of the regi^jn beyond river wkh a^view to 
study the effect of irrigation on the conditions ol alkalini/attion ot tim soil) ol meadow type in this region. 

In the course of our investigations, three distinct forms ofseconilary alkaliui/. itlon were classified : 
(a) Accumulation of neutral alkali salts in the topsoil layers i.e, a secondary salmwation of soil, 

, 0) Accumulation of neutral salts of alkali and alkali earth metals in the deeper horizons of the 
soil. 

(r) Increase of the content of exchangeable sodium ions of the soil, a secondary solonization 
(alkalinization). 

2, The three types of secondary alkalinization observed not only differ in the conditions of their 
formation but require also various methods for proper reclamation. 

In regions where neutral salts of alkali and alkali earth metals accumtihue in deeper soil Iv 'rr/.om* 
it issatisfacto y to prevent further accumulation of salts and the appearance of a secondary saUrnzation 
by a careful drainage, adequate agrotechnique and proper crop rotation. 

On reclaiming secondarily solonized soils, it is necessary to lower the level of soil water, ^together 
with the simultaneous application of chemical reclaiming agents. I n the case of' soils subjcctetl to 
secondary salinwatioo, favourable effects can be ex.-ected Iry lowering the lev-d of soil water, removing 
soluble salts and simultaneous application of adequate chemical reclaiming agents. 
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the area of the irrigated zones in Hungry increased in recent years to 
an appreciable extent. Recent hydrotechnical instalments secured the minimum 
requirements of technical equipment necessary for the irrigation of an area, of 
about 300000 cadastral ‘lioW (I cadastral ^diold'* l)cing ecjual to 0*57 
whilst the actual area irrigated amounted in 1957 tx) 22(HjCK) ca:ulastr;il '5holcf h 
About 70-75% of these irrigated zones are located in the region of the (Ireat 
Plain beyond river Tisza. 

The majority of the soils actually irrigated or planned to be irrigated lielong 
to meadow type soils : being meadow soilSj^ solonctz meachm soils and meadow 
solonetz. In the formation of all these soil types, water cciiubtions of the Cireat 
Plain plays a considerable role. The high level of the wauuMalile apprccialily 
affects the formation of the soil characteristics ibr the time bring as well. The 
effect of water conditions and of soil waters of lugh salt content of the Great 
Plain on the meadow alkali soils of this region in the past and in tire present is 
equally of particular importance. 

The interaction of water and formation of alkali soils has already been 
discussed by a number of foreign authors, as Kovda-^*^, Gedroizd'^, Glinka'^''^ and 
Kelley^^ as well as Hungarian authors, as Treit#^b^'*'h 

Mados^®’^^^, Scherf'^^, Endr^dy^^, Arany^’® and SzabolcH‘^5^**^, who examined tlie 
problem of formation of alkali soils from diverse points of view and often evahuated 
the results obtained from dilFcrcnt aspects. In general, liowcvcr, uU the 
mentioned authors consider alkali soils as being farmed under the rllect of 
particular conditions of water and salt movement. 

Thus, Gedroiz’-^ attributes the formation of certain types ol’ alkali soils to the 
accumulation and subsequent elution in an alkaline medimn of soluble sails. Of 
the Hungarian authors, ’Sigmond*^.“8 and of the Soviet iuitlu»rs, Kovda^'* are of a 
similar opinion. Glinka^'-*, in turn, explains the formation of alkali sitilsol'ihc 
solonetz type by the alternation of the rise of the level <jf alkaline soil waters 
and of the elution of soluble salts from upwards, i.fl,, by the alternate direction 
of the movement of dilute salt solutions in the soil prolilc. 

The study of alkali soils is discussed in the Hungarian literature of soil 
science to an appreciable extent, the earliest investigations being made almost a 
century ago. The classical authors of Hungarian soil science, a.s ld/,ef Szabd***, 
Murakozy®^, Treitz®°>8’^ and ’Sigmond'-^^-^bss^ devoted the major portion of their 
scientific activity to the elucidation of the conditions of formation and of the 
properties of Hungarian alkali soils, The investigations of these research workers, 
together with the later work of Mados^o, Scherf«* and Endr(!tdy >‘’ proved that the 
properties and the direction of development of these alkali soils can decisively be 
influenced by the control of their water and salt movement. Two fundamental 
methods are known tor the control of the water economics of soils : drainage and 
irngation. ” 


control and drainage work carried out in Hungary in the. 

appreciably the hydrological condiiitm.s 
ut the drained regions^a_ Besides, by drainage, also the soil conditions, particularly 
oLFnniy'A®' regional occurrence of alkali soils were markedly alTected. 
Obvigusly the process of formation of alkali soils started much prior to drainage. 
«X ° - .lk.U .»ih w., fa.l,L,.«d ar,„, .*„d 

nder the effect of the alteration of the hydrological conditions of the Groat Plain. 

, _ Irrigation represents another factor 

pi tne water and salt metabolism of soils, 
time of starting the irrigation, to combine 


of extreme importance from the aspect 
_ In Hungary attempts were made at the 
irrigation and its harvest increasing 
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action with the reclamation of alkali noth and to inchtdc Irrigation In the system 
of this re^clamation plan. The reclaiming action of irrigation on alkali soils has 
already been pointed out by ^Sigmond^*'' and wliilst later 

and Frcttenhollc!!'^'* attaimal appreciable harvest responses in certain types of alkali 
soils, by comliinirig chemical methods of soil reclamation and Irrigation. 

Ifowcvcr, irrigjition and particularly, irrigation in an improper way, often 
have d(n:eriirieiital^ eflccts* A number of foreign and Ifungarian instances indic.ate 
the foriiuition of smaller or larger areas (>f aJkali soil, due to irrigaticai effects. 
Under certain condiiioiis, soluble salts may migrate into the top layers of the soil 
profile, aud may accumulate there. This type of forma, tion of alkali soils, 
provoked by irriga.tion and characterized liy the presence of salt accumulations is 
demuninated by Kovda^^” as secondary salinization of soils. A similar process of 
the accumuhition of salts due to irrigation is also mentioned by Kellpy^'^- In order 
to prevent this effect, both authors are of the opinion that, in addition to securing 
adequate drainage conditions, the control of the salt content of Irrigation water is 
necessary or, in other words, that water is suitable for irrigation up to certain salt 
content only. Under conditions prevailing in Hungary, irrigation waters should 
not contain more titan 500 mg salt per litre. Kelley^^" and Thorne and Petersorf^^^ 
consider, besides tlte total salt content and the electric conductance value of 
irrigation waters, tire relative cpiantity of sodium ions, expresssed as a percentage; of 
the quantity <)f total cations for the evaluation of irrigation waters. Mados'^'^* and 
Arnay^' are of the same opinion. The content of sodium ions expressed as^tlie 
percentage of total cations is denoted by Arnay as quotient of alkaHnization, 
whidt is considered to lie one of the most impt)itant paranu:acrs old laagatuHi 
waters. According to these autliors, the knowledge of the (|uotient of alkaliniza- 
tion is necessary as the cations of irrigation waters arc presumed to enter a.n 
interaction with tlie exchangcaldc bases of soils. In the case of irriga.tion waters 
containing relatively greater amounts of sodium ions, the content of' cxcliauftpablc 
Hodinrn ions of the soils may increase under the clfcct of irrigation. ^ Accordingly# 
in their opinion, a natural water is only suitable for irrigation when its interaction 
with Uic soil does not lead to an increase in the content of exchangeable sodix, un 
ions in tlie soil, hr., wlicn no process of alkallnization starts in the s*>ll in contact 
with Irrigation water. Thus, it is clear that, according to these authors, in 
addition to salt accumulation, another form of secondary alkalinization, namely, 
the saturation of the colloidal complex of the soil by sodium ions is couBidered a 
practical possilhlity. 

Our investigations carried out in recent years in the irrigation areas and in 
their vicinity p(,inp^| to tlie oft occurrence of the accumulation of 
soluble salts to s'l smaller or greater extent in these areas. In our opinion, the 
accumiilation <>f soluble salts in the examined territories was not mainly caused 
by tlic Iiigh salt content of irrigation water Vmt rather by tlie deteriorating effect 
exerted by poor conditions of drainage, high rates of irrigation, excess Hooding, 
leakage of channels, etc. leading to fluctuations in tlie level of soil water. Our 
investigations pr’ovcaF>^r^‘'^d^'*‘ that the level of soil water, and the chemical 
composition of soil water, togetlier with the quantity and qualitative composition 
of soluble salts in the soil and their distribution in the soil profile disclose ddinitc 
periodicity. It was even found that soluble salts accumulated in one season and 
cliucd in another. The seasonal alternation of these processes can also^bc oliserv- 
cd in non-irrigated meadow soils. However, in irrigated areas and In their vicinity, 
the movement of' tlie soluble salts of soils attains a rather greater extent, and a 
secondary alkalinization of soils often occurs, provoked cither by the accumulation 
of soluble salts or by the interaction of the liquid and solid phases of the soib 
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. ,1, course ot our observations, three distinct forms of secondary 

rfniSion vrere discernible .u.t.ee -Tl.i. n.eans 

1 . AecumuUtlon of Central .otom ““Xbe surr,.oc soil, and 

that, in certain cases, the ^ growth. It was obacn'vcd in a ncc plo*^ ‘> 

may attain a level detrimental to plant aalhrr/.atu.n under dm r licet 

the State Farm ^‘'^'tobap that ot solulile salts in s.iil suiiacc, pmvfvkmg 

of irrigation accumulated a gre e examiued plot rice was grown also in tn’c- 
a secondary salinization ■ ploughed in May, the cnioresccncc oi .solub e 

vious years. As the plot to the type of .neadoW solonclz 

salts was clearly horizon “A” below which followed a compact itticumti- 

£L\:S:n oTab™^0 c^^^ The level of soil wnter »» ueur she 

surface (100-150 cm.) 

table 1 

Data of the analysis of the aqueous extract of soil profile Hortobagy 1003 


Alkalinity 


Depth 

Date of of 
sampling horizen 
( cm ) 


'1 iNor- 
matter , 

. , . mar 


CO3 Ca('H 

3 HC03c4)^ 


Gr“ SO*”" t Mg+*’ 


Niv *' 


mg cquiv./lOO g of soil 


0 - 20 

0-57 

• • 

2-23 

0*33 

20 - 40 

P58 


0-56 

0-29 

May 8 , 40 - 60 

0-43 

0-19 

M5 

0*03 

1956 . 60 - 80 

0-59 

0 23 

1-45 

0*04 

80-100 

0-50 

0-23 

1-05 

0*02 

100-120 

0-46 

0-35 

2-45 

0*21 

120-140 

0-33 

0-35 

2*43 


0 - 20 

0-53 

• • 

1*66 

0*58 

20 - 4 ') 

0-67 

0-12 

2*54 

0-02 

June 20 , 40 - 60 

0-51 

0-16 

1*72 

0*09 

1956 . 60 - 80 

0-28 

0-19 

2-47 

0‘07 

80-100 

0-38 

O'OO ' 

1-14 

0-19 

100-120 

0-38 

023 

2*52 

0*05 

' 120-140 

0-34 

0'27 

2-82 

• • 

0 - 20 

0-63 


1*19 

0-23 

20 - 40 

1-12 

• • 

0*47 

0*44 

40-60 

0.92 

• • 

0-64 

0*21 

July 30 , 60 - 80 

' 0-66 

• * 

1*70 

0*05 

1956 . 80-100 

0-88 

0-10 

2*23 

0*15 

100-120 

0-39 

0-16 

2 48 

0-17 

120-140 

0-39 

0-19 

2*82 

0-29 


2*58 

0-78 

G*41 

0 * 4 ? 

0*07 

6 

19 

62 

()*86 

1*24 

31 * 73 ) 

2*84 

1*311 

7 () 

1*19 

1*55 

11*77 

0*34 

Q ' lf ) 

10 

18 

1*49 

1*72 

7*85 

0*28 

0 * 0.5 

9 

25 

2*07 

1*64 

4*83 

0 * 10 

0*06 

7 

28 

2*66 

1*50 

4*15 

0 * 19 

0*07 

6 

22 

2*43 

0*96 

3*19 

0*14 

0 * l3 

4 

81 

2'25 

0*30 

4*55 

0 - 6.5 

0*09 

5 

74 

2-56 

0*24 

7-00 

0*31 

0*09 

7 

46 

1*82 

0*26 

7*82 

0*22 

0 ’ 18 

9 

25 

2*54 

0-26 

3*90 

0*18 

0*09 

3 

50 

2*03 

0-24 

4*24 

0*34 

0*07 

5 

25 

2*58 

0-26 

2*02 

0*31 

0*03 

5 

52 

2*88 

0*36 

1*43 

0*17 

0*07 

5 

4l 

1*43 

0*52 

12*66 

0*71 

0*36 

8 

62 

0*92 

0*66 

28*51 

2*31 

0*40 

14 

03 

1-86 

1*04 

15*60 

0*47 

0*45 

13 

98 

1*76 

1*10 

14*54 

0*33 

0*21 

10 

05 

2-39 

1*14 

0*99 

0*28 

0*24 

9 

27 

2*66 

0*94 

0*46 

0*20 

0*22 

6 

55 

3*11 

0*88 

0*77 

0*20 

0*12 

6 

00 
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The plot was ploughed in the second half of May, when rice was sown and 
the plot was immediately flooded. Rice germinated very poorly in the whole 
plot, large spots remained quite empty. Therefore, flood water was removed 
in July. When the soil became dry, the salt efflorescence reappeared. On the 
basis of observations on the spot it was quite clear that the germination and 
growth, respectively, of rice was impeded by the high content of soluble salts in 
the top horizon of soil, This was supported by' the data of the chemical analysis 
of the aqueous extract of soil. 

The first sampling was carried out on May 8, prior to ploughing the rice 
plot. The quantity of soluble salts of the soil was considerable, exceeding 0-5% 
in the 20 cm. topsoil layer, whilst in the next layer (20 — 40 cm. depth), the content 
of soluble soils ranged over 1‘5%. The soluble salts mainly consisted of sodium 
sulphate with a little sodium chloride and sodium bicarbonate. _ The fact that 
the majority of sodium salts are neutral is of great importance from two points 
of view : 

(a) Owing to their fair solubility, sodium salts are extremely mobile. 
Thus, they arc easily lifted to the topsoil layers by the rise of the 
level of soil water. When the level of soil water is near, they can 
only temporarily be eluted, to a limited extent. 

According to the data of Table 1, samples taken at the next date, June 20, 
»,«. three weeks after flooding the rice plant, disclo.se smaller amounts of soluble 
salts in tlie soil profile, obviously under the elfcet of flood water. When, however, 
flood water %vas let oil", the content of soluble .soils recovered its former high level 
in the .soils. As proved liy the data of the chemical analysis of the aqueous 
extracts of samples taken on July 30, it nearly attained the level observed prior 
to flooding. Simultaneously with the rise of the soluble salts, the salt clllorcsccncc 
in the surface of soil reappeared. 

TABLE 2 

Chemieal composition, of tfis Hortobagy sail efflorescence 


Carbonate 

Nil 


Bicarbonate 

0-81 

mg. c/litrc 

Chloride 

. . . 3*10 

99 

Sulphate 

112-39 

tf 

Calcium 

1-53 

9) 

Magnesium 

.. . 14*23 

99 

Sodium 

111-82 

n 


According to the data of chemical analysis (Table 2) the chemical composition 
of salt efflorescence is identical to that of the soluble salts of soil, mainly consist- 
ing of sodium sulphate. 

(b) It indicates that the concentration of salts in the soil solution is 
already high at a relatively low content of moisture. 

It follows from the recalculation of the data of Table 3, that at a moisture 
content of 19‘4%, about 50% of the soluble salts is contained by the soil solution 
in the 20 cm. thick topsoil layer. These data prove that the accumulation 

of soluble salts takes place in the soil under the circct of the adjacent soil water. 

Accordingly, an efficient and durable soil reclamation is only possible when the 
level of soil water is lowered. This first .step must be followed, as the salt 
accumulation took place in a solonetz soil,* by the removal of soluble salts and 
by a chemical soil reclamation. 
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TABLE 3 

Chemical composition of the soil solution of soil profile Hortohanv 1003 






CO3"" 

HGO;, 

"■ cr” 

SO,”- 

Ga+i 

Mg' ' 

Nu'" 

Date 

of 

Depth 

horizon, /q/x 









sampling 

(cm) 

V /OJ 


, , , 

mg cqmv.' i 





0- 

20 

19-4 

f n 

7-99 

44’ 4 

194-93 

10-77 

10-50 

168-41 


20- 

40 

15-4 

• • 

3-75 

81-4 

182-04 

12-19 

10-14 

180-88 

May, 8, 

40- 

60 

16-9 


4-64 

99-1 

1 14-03 

11-30 

16-77 

181-91 

1956 

60- 

80 

15-1 


3-98 

124-2 

109-34 

10-70 

3-03 

178-89 


80- 

100 

17-2 

• • 

4-62 

100-8 

140-03 

3-99 

3-37 

171-89 


100- 

120 

21-8 

0-75 

8-20 

22-2 

56-85 

1-60 

1*77 

Ml -90 


120- 

•140 

19-4 

0-22 

7-91 

60-8 

38*05 

0-99 

()-«2 

96-OB 


2. Accumnlation of salts of alkali and alkali earth metals in the 
deeper horizons of the soil.— A case of this type occurred in plttt 11/1 of the 
Experimental Farm at Szarvai where soil investigations were earrietl* o»t hy us 
under clover as dominant plant, after several years of rice production, 

TABLE 4 

Chemical composition of the aqeous extract and of the soil solution of soil projik l^'iarvas 14 


Depth of 

Dry 

HGOa"" 

GO," 

or 

SO,"" 

Ga ' ' 

Mg'* ' 

Na' 

horizon 

matter 








(cm) 

(%) 



mg cqutv,/100 g of soil 



0- 20 

0-26 

0-43 


0-11 

4-49 

0-67 

0-96 

3-39 

20- 40 

1-63 

0-25 

« ft 

0-09 

22-79 

9-21 

4-43 

9-50 

40- 60 

0-75 

0-44 

ft i 

009 

11-49 

MO 

M7 

9-75 

60- 80 

0-46 

0-82 

« ft 

0-09 

6-99 

0-17 

0-34 

7*39 

80-100 

0-46 

0-84 

- • 

0.09 

6-62 

0-17 

0-31 

7-07 

100-120 

0-42 

0-98 

0-11 

0-14 

10-47 

0-17 

0-44 

1()98 

120-140 

0-41 

0-88 

* * 

0-09 

«'08 

0-14 

0-19 

5-73 


Moisture 

(%) 

0- 20 18'2 

20- 40 21-4 

40- 60 23-1 

60— 80 24'6 

80-100 25-2 

100-120 25-7 

120-140 27-9 


Analysis of soil solution, mg equiv,/l 


2-15 

15-40 

17-43 

7-52 

2-78 

16-18 

2-93 

11-36 

54-24 

16-80 

5-76 

41-02 

4-77 

13-80 

44-39 

3-42 

3 •08 

58-30 

5-78 

12-80 

60-35 

2-24 

2*74 

17-79 

7*46 

4-60 

69-72 

2-06 

2*62 

83-67 

5-42 

3-50 

91*78 

2-28 

3-33 

82-67 

3-91 

3-14 

81-21 

2-71 

3-77 

82-58 


D 


I 
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Ihcdataof tlic chemical analysis of the aqueous soil extract (Table 4) 
show that the 20 cm thick topsoil layer contains only 0 - 2 % of soluble salts The 
maximum of salt accumulation appears in the depth 20-40 cm. where the content 
of soluble salts is rather high. However, it is of interest to study the chemical 
composition of these salts in detail. In contrast to the Hortob% soil profile 
where ‘J5--l)6% of soluble salts consisted of sodium salts, the supply of soluble’ 
salts includes in the present case, particularly in the accumulation horizon, rela- 
tively much cakium and magnesium salt. The fact that the major portion of 
the tiin>ply nt spIuWc salts la the soil consists of poorly soluble salts of alkali 
earth metals, refers to the phenomenon that, at the same content of moisture 
only a lower percciuage of soluble salts is actually present in the solution than 
in the case of soils where sodium salts predominate. The data of the chemical 
analysis of the soil solution of the Szarvas soil profile clearly show that it possesses 
a markedly lower concentration than that of the Hortobigy soil profile. On 
recalculating the analytical data we find that, at a nearly identical content of mois- 
ture, a markedly lower percentage of soluble salts is actually present in the solution 
than in the case ol the profile where sodium salts are predominant. 

• TAULK 5 

Chuniiei in ihe emtmt of Md i^psum and €aCO^ of ih« soil profiles examined 


Total ClaSO,j ( % ) Total GaCO, ( % ) 

Location and lile I lepth of .1 .. 

number of borizon * 

ps'ofile (cm) May B June 20 July 30 May 8 June 20 July 30 


llortoluigy 1003 

0-20 

0'.'')3 

0-20 

0-14 

1*11 

1*25 

0*95 


20-40 

0-24 

0*28 

0*13 

11*68 

11*59 

13-01 


40-00 

0-63 

0-33 

0*35 

27*55 

30*41 

18-18 


60-80 

0'58 

0*16 

0*30 

23*34 

23*35 

15-88 

Szarvas 14 


July 15 

Aug. 23 

Oct, 9 

July 15 Aug, 23 

Oct. 9 


0-20 

0-0G2 

0-054 

0-093 

4*77 

5-32 

5*31 


20-40 

0-126 

0-349 

0-095 

4*05 

7*18 

5-23 


40-60 

0-063 

0-090 

0-185 

4*82 

10*82 

12-97 


60-80 

0-057 

0-093 

0-225 

5*49 

19*28 

18-75 

KopAncs 301 


May 19 July 13 Aug, 31 May 19 July 13 Aug. 31 


0-20 

• * 

0*074 

0*025 

• • 

4-80 

4 60 

20-40 

0-069 

0*058 

0*028 

4*04 

7*40 

4*20 

4()-6() 

0-119 

0*219 

0*069 

4*42 

12*03 

6-63 

60-80 

0*368 

0*158 

0*168 

1 1*29 

19-20 

15-90 


This partially means as well that, when a portion of soluble salts consists 
of poorly soluble salts of alkali earth metals, the supply ol soluble salts 
in the soil is appreciably less mobile. This is one of the causes why the accumula- 
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tion .of -soluble • salts during irrigation diet not reach the surface of soil* Another 
cause is that relatively favourable drainage conditions existed in the Ikperi mental 
Farm at Szarvas. As a result of these, the level of soil water, wliich msc during 
the irrigation season, re-occupied nearly the original low level after the end of 
irrigation. It must be noted that the conditions of salliiization of the soil and the 
mobility of calcium compounds are markedly affected by tlie presence of itHliiitn 
carbonate and by the quantity of sodium bicarbonate: even in the ease when 
their amounts are small in absolute value. This can well be seen from Taldc: fn 


The data of Table 5 show that the total quantity of gypsum in the Jfortobfgy 
profile exceeds that of the Szarvas profile. Hiwcver, the etleet of gypsum 
is markedly scronger in this latter case, which may be ascribed to the lack of 
sodium carbonate and to the smaller quantity of sodium bicarbonate present. 
To prove this, the solubility of gypsum was measured in dilute solutions of sodium 
bicarbonate of various concentration. The obtained values are presented in Fig. 1. 


Jl. 

mml 



Changes in the solubility values of gypsum plotted agalust 
changes in the concentration of a soluUou of Na!!COi| 


As can be seen in Fig. 1, the solubility of gypsum appreciatily decreases with 

wr! concentration of sodiunj bicarbonate. The reduction of the 

solubility values of gypsum with the rise of the concentration of soditim bicarbo- 
nate explains why calcium sulphate plays a more important mk in the S/..irva.i 
soil profile where the am^ount of gypsum is smaller but the content of hicarbonaie 

is wiipr thl” profilc where, whilst the content of p^y^mmx 
IS higher, the quantity of sodium bicarbonate is at the same time arciuer and 
sodium carbonate appears as well. gicaict ana 


These observations also point to the fact that the chanKc.H In the auaniitv 

““ ‘■“ringirigu.ion Ly d 

ilSTo", O” ‘1“ «'« 

ho^oM p"s 

case, ■■cprtscnt a characteristic example of this 
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As tlie data of Table 1 show, the accumulation horizon (20-‘10cm) containcdj 
prior to flooding the plot, relatively much calcium sulphate. On flooding, this 
quantity decreased, together with the rise of the amount of bicarbonate and the 
appearance of sodium carbonate whilst the total quantity of gypsum in the soil 
profile did not markedly change at the same time. After removing irrigation 
water, alkalinity due to sodium carbonate disappeared, the concentration of sodium 
bicarbonate (liminished. In this way. the solubility of gypsum once more rose, 
and its quantity in the aqueous soil extract nearly regained the initial level. 

All the mentioned data dl8clo.se that the solubilities of the components of the 
supply of soluble salts in soils are atfected by each other. Further, as will be 
seen later on, there exists an interaction with the solid phase of soils and, through 
this action, also with their effect on the conditions of alkalinization. 

3. Secondary solonization (alkalinization) of irrigated soils. — In this 
case, the quantity of exchangeable sodium ions of soils increases under the effect 
of irrigation whilst only a rise of small extent lakes place in the amount of soluble 
salts although the level of soil water is near. Soil profile Kup/incs 301, taken in 
a rice plant several years .dd, belongs to this type. 

TABLE (i 

Chmical comp)sUm af the agueous extratl of soil profile Kofancs 30 J 


Date of 
sampling 



Alkalinity 

Depth of 

Dry 


horizon 

mutter 


(cm) 

(%) Alkali 

Alkali 


metal 

earth 


Na 

metal 


HGOn 

Ca- 


Cr SO,r" Ga-H- Mg++ Na+ 


Total 

nCO;, 


mg equiv, % 


May 19, 
191 ) 6 . 


0 - 

10 

O - lf ) 

0 - 5 () 

0*21 

0-77 

0.30 

1 -OG 

0-40 

0-28 

1*51 

10 ~ 

• 20 

0-27 

O-Gl 

0 - 3.5 

0-97 

0-38 

1-37 

0-48 

0-26 

1*40 

20 - 

40 

O ' 19 

0-77 

0 - 2 r ) 

1-03 

0-38 

1-47 

0-27 

0*24 

2*00 

40 - 

(iO 

0'24 

0*89 

()-37 

1-27 

0 - 5 B 

1'66 

0-44 

0*14 

2*05 

60 - 

{!0 

0-34 

0*90 

0-27 

1-18 

0 66 

1-96 

0-39 

0*14 

2*43 

00 - 

100 

0'34 

1*33 

0-25 

1*59 

0-98 

3-85 

0-44 

0*24 

4*79 

100 - 

120 

0-40 

1*43 

0-42 

1-85 

0*20 

3-00 

0*42 

0*07 

4*16 

120 - 

140 

0-39 

1*45 

0-36 

1-81 

1-74 

3-64 

0-30 

0*16 

5 * G 3 

0 - 

10 

0'30 

1*07 

0-88 

1-90 

0-60 

0-92 

0-48 

0 * 14 

2*72 

10 - 

20 

0-30 

1*05 

0-72 

1-76 

0-58 

0-77 

0-33 

0*12 

2*'10 

20 - 

40 

0-25 

1*11 

0-76 

1-88 

0-74 

1-25 

0-41 

0*14 

2*67 

40 - 

60 

0-31 

1*31 

0-82 

2-13 

0-88 

1-14 

0-42 

()*()8 

3*54 

( 30 - 

80 

0-55 

l-liB 

0-33 

2-01 

2-04 

4-12 

()-32 

0 * 14 

8*78 

80 - 

100 

0*50 

1-31 

0-47 

1-78 

2-06 

5-30 

0-25 

0*28 

8*46 
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According to the data of ic analysi. of Ac aqncons ‘ 

Sr\dl” An'™3S po^l: ?f' 

ISty of .Odtun. XSs tl.ramou„. of chloride, and .ulphatc. rH„c, only ... 

horizons below 80 cm. 

The auantity of soluble salts does not markedly diaiiKC in the soil mulcr the 
effect of irrigation although the level of soil water is not lav. On comparing the 
Semical composition of the aqueous extracts ot samples mkcn ui May. prior to 
flooding, and of those taken at the end of August, after flooding lot tlucc nionths, 
almost no changes in the amount of soluble salts may be oljscrvcd. In deeper 
soil horizons (below 60-fl0 cm), the quantity ol sodium sulphate and sodnun 
chloride slightly increased whilst that of sodium bicarbonate somcwliat increased 
in the whole profile, and the bicarbonate character of the soil became more 
prominent. This character manifests itself in the chemical composition of the soil 
solution as well. 


TABLE 7 

Chemical composition of the soil solution profile Kupancs 30 J 


Date Depth of Mois- 

a 

O 

> 

i 

Hco.r cr 

so,r“ 

Oa"' 

Mg"*' 

Na' 

of horizon 
sampling (cm) 

ture 

(%) 


mg eqiuv./l 




0- 10 

23-3 

0-29 

3-45 10-32 

6-74 

.5*77 

1*93 

19*61 

April, 10- 20 

22 •4 

. • 

2-27 (>-12 

D-r)3 

1*85 

(!*rr8 

M*31 

1956. 20- 40 

24-9 

0-26 y 

3-75 27-38 

0-39 

1*17 

0*62 

•16*45 

40- 60 

24-4 

1-64 

6-50 15'4() 

0-79 

1-21 

0*57 

33*14 

60- 80 

21-5 


2 26 48-80 

9-39 

1*56 

1*13 

75*65 

80-100 

20-6 

« • 

1-86 68*74 

70-22 

4* 35 

2*67 

136*86 

0- 10 

41-0 


10-78 12-00 

7*39 

3*20 

1*18 

30*99 

' 10- 20 

40-2 


5-52 15-80 

14-78 

l*5(i 

0*64 

35*22 

August, 20- 40 

34-7 


7-32 27-80 

23*35 

1*78 

1-21 

57*96 

1956. 40- 60 

26-4 


4-72 80*46 

6-77 

4*06 

1*66 

83*04 

60- 80 

21'3 

, , 

2-92 88*50 

92-76 

8*37 

7*28 

167*21 

80-100 

20-9 


2-42 94-20 

95-73 

9*65 

11*03 

180*58 

100-120 

27-2 


2-92 136-00 

90*57 

11 -(iO 

4*72 

194*18 

120-140 

29-2 

. . 

2-62 198-60 

45*26 

16*16 

16*47 

200*43 


As is evident from Table 7, the quantity of easily soluble sodium chioritle is 
predominant. However, in comparison to the data of the foimer described soil 
horizons, the relative quantities of hydrogen carbonates are appreciably greater. 
Sodium bicarbonate grows in importance, as proved by Figures 2, 11, 4, which give 
the chemical composition of aqueous extracts prepared from a Hmtoli/igy, a 
Szarvas and a Kopincs soil at various soil : water ratios. It Is clear that llie Hzarvns 
soil sample contained a maximum amount of calcium salts. However, with the rise 
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'’Lilly incria™”^ ' calcium salts eluted from the soil proportio- 





Chemical conipoHition d the aqueous extract at various ratios 
ol soil : water (S5?;arvas) 


hflA«/n,L s:implc, the quantity of calcium salts (which ranged much 

Luo of w i/a • .‘In'” salts) eluted Iroin the soil did not markedly rise over certain 
nmnoriiorf- l lA f the rise of the quantity of sodium salts was found to be 

proportunul to the mcrease ol the ratios of water : soil. Here the sodium salts 

nfth« ‘luantity of bicarbonate docs not rise over certain 

a sample, the auantity of sodium salts shows 

^^‘’wever, these salts mainly consist of bicarbonate, the reaction of 
which IS known to be alkaline. 



I ^ IICO3 0 ss twfrr 1 md 

*' ** 7 W CO-r 


• Fig. 3 

Chemica-l composition of the aqueous extract at variou.s ratios 
of soil : water (Hortohagy ) 

t u ] 



■ . , t,- V ..nanthv of sodium bicarbonate rcfm to the possibility 

This relatively higher quantity ^ of alkalini/.ation, narncly, to tlie secondary 
of the occurrence of Py the markedly high relative cunlciit of 

rSSletSm r in\hXpLcs slil profile. 





Chemical composition of the lupieotis cxtvaet at vai'imw vatiiW 
of soil : water \KopuneH} 


TABLE a 


Content of exchangeable JVa+ d- ir+ of soil profiles Szarvas 14 and Kn/mes IWl 





Content of exchangeable 

Absorp- 

Date of 

File number 

Depth of 

Nat + K*' 

tion 

sampling 

of profile 

horizon 

(cm) 

mg % mg ctpiiv. 

% Total % 

power 


Szarvas 14 


13.5-66 

.5-9 

24-3 

24’27 



20-40 

64-33 

2-B 

13-0 

2T46 



40-60 

123-87 

5-4 

20*<i 

26-0i$ 



60-80 

133-03 

5-8 

26-5 

21-86 

May 19, 

Kopuncs 301 

0-10 

143-29 

6*23 

28-!> 

21-49 

1956. 

10-20 

212-98 

9-26 

3.5-2 

2t)-32 



20-40 

246-10 

10-70 

39-1 

27-36 



40-60 

344-08 

14-96 

60-0 

24-71 



60-80 

295-09 

12-83 

58-1 

22-06 

August 3 1 , 

Kopincs 301 

0-10 

219-19 

9-53 

44-4 

21-49 

1956. 

10-20 

28->57 

12-59 

47-9 

26-32 



20-40 

•• 376-74 

16-38 

(iO-0 

27-36 



40-60 

382-72 

Hi- 64 

67-4 

24-71 



60-80 ■ 

358-80 

15-6() 

70-7 

22-0(i 


As can be seen in the data of Table 8, the content of exchangeable sodium 
ranges very high in the profile Kopdnes 301, attaining in the holis m 40-bU cm, 
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60% of the absorption power of soil. The content of exchangeable sodium 
increases in the soil to August^ parallel to the rise of the amount of sodium 
bicaibonatc^ ij., the soloneiss character of the soil increases. 

^ I he presumption that the absorption of sodium ions on the surface of the 
colloidal complex of soils is promoted by the presence of bicarbonate ions and 
the alkalinity of the medium^ respectively, is also corroborated by comparing the 
quantities c>f exchangeable sodiurn ions in the Szarvas and Kopilncs soil profiles. 
As can J)e seen in Table 8, the relative amount of exchangeable sodium ions ranges 
in the bzarvas profile mucli lower, particularly in the horiyion 20—40 cm, where (as 
was already previously shown by the data of chemical analysis of the aqueous 
extracts) a great amount of alkali earth sulphates is present. 

It is striking that although the soil profile Szarvas 14 contains a large quantity 
01 soluble salts which exceeds that of the Kop/ines profile, the relative quantity of 
exchangeable sodium ranges in this latter case much lower. This can only be 
ascribed to differences in the nature of soluble salts. In the Szarvas soils of 
sulphate character, the exchange reaction between the sodium ions of the soil 
solution and the exchangeable bases of the soil complex attains an equilibrium 
slate even rrt a relatively higher concentration of sodium ions much quicker than 
III the case of the Kopancs profile of bicarbonate character. The effect of anions 
on the cc|\iilil)rium of the exchange reaction has already been pointed out by 
Antlpov^Karaiaev'‘^‘ wlio attriljutcd tliis cOcct to the differences in the solubilities 
of ^ the ciunpoimds (CaSO^ and on one lumd, and CaCO^ and MgGO^, on 

the other) formed in the cxcluinge reactions. This high relative quantity of 
exchangeable sodium,^ of the j)rofilc Kop/incs 301, results in the deterioration of 
the physical properties, mainly of the permeability of the soil. This may be one 
of the Causes why no salt accumulation to a marked extent appeared during irriga- 
tion although the level of soil water was near. However, on irrigation, the quantity 
of exchangeable sodium ions increased with the rise of the amount of sodium 
i)icurl)onate, tj. a secondary solonization of tlic soil took place. The three forms 
oi sccimdary alkalinizatiou not only differ from each other in the conditions of 
their formation and in their properties, but also require different methods of 
reclamation, 

_ When the salt accumulation does not reach the surface of the soil, and the 
majonty of soluble salts consist of neutral alkali earth salts, the careful drainage of 
the irrigated zones is satisfactory, together with the reduction of leakages of 
cnannels and with securing an adequate agrotechnique for plant production. 

When, however, a secondary solonization occurs during irrigation, the level 
ol soil water must be lowered and at the same time, chemical ways of soil reclama- 
tion sliould also be applied. Whilst in irrigated areas where secondary formation 
ot soloucliak soils salinization appears, a successful and durable reclamation is only 
possible by iollowing the technique : first applying methods to lower the level of 
sou water, then removing soluble salts and carrying out at the same time a chemical 
soil reclamation. 


2 . 

3. 

4. 
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DEGIIADATIOM OE irrigated rice soils in HUNGARY 
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RiSiUfch Institute of Soil Science and Agricultural Chemistry^ 

Hungarian Academy of Sciences^ Budapest (Hungary) 

[Received on October 4, 1959] 

ABSTRACT 

1 . On tl.c litigated areas oftlie Hungarian lowland degradation of soil is very wide-spread and 
it exerts infuicnce in a,n unfavourable way on tin; fertility of the soil, 

2. Botli the data oi the 5 per cent KOH extract oi the soil and the examination of exchangeable 

liases give, eyideuee ot die larrtuadar ciegradatiiiu in connection with alkalkatioru Si02 : AljO.^ of the 
soils in (|ucstion i j v<tr)’ wi^le, the exchangeable complex shows dcliiute signs ot degradation (decreasing 
S, Increasing [‘■h), v • ^ 

2* In irrigated soils the strlace layer always shows the process of degradation contrary to .soils 
dcgiadetl untler dry conditions in which cas<; A^ layer often .shows this maximum. 

d* In conset|uene(i of degradatiou tiie physical, cliemical and biological characteristics of tlie soil 
deteriorate from the iertility imint of view. 

5. Organic ftaaiU/iation and plantation of Icguminon.s plants decrease degradation. 

In the last decade the irrigated growing of rice has become very wide-spread 
ill lliuigary. Formerly tins culture was grown here only on very small areas. 
Rice is grown on the lowland of the country steppes. In general fields receive 
500 mnKrainiall as a yearly average, the yearly average temperature is about RFC. 
Naturally under such circumstances the long- growing-period rice types do not 
grow ripe on the Hungarian lowland, only ones with a shorter growing period 
grows. Rice sowing is in general in April, harvesting is in Scptcmber-October. 

Rice is rnoslly grown on alluvial and meadow soils of Hungary where the 
conditions of flood irrigation arc ensured by the nearby rivers or by the canal- 
systems, which cover tin; lowland. These canal-systcms were made mostly to 
metst tjic demands of rice cultivation. Rice is grown on more than 80 per cent 
of all irrigated territories in Hungary, 

Most of the soilpised for rice cultivation is alkaline. Among the exchange- 
able bases sodium is present in a significant quantity in these soils but it is often 
only 5-10 per cent though it exceeds 20 per cent in certain cases. These soils 
are usually rich enough in solul)le salts but tlxey rarely reach the stirfacc layers 
and hence do not exert direct physiological influence on the life ol’tlxe plant. 

The quantity of salt rarely reaches 0*2 per cent in the surface, layer, which 
is below the lewel of' salt tolerance of rice plants, wliidi tlxereforc suffers no 
damage. Tlxereforc in tlicse alakine soils rice cultivation is wide-spread. Analysis 
of the water soluble salts of such soils is shown in Table 1. 


i: 15 :i 



Number and 
place of 
profile 


Depth of 
Horizon 
(cm) 


DABtiB i 

Till Analysis of Soluble Salts 

■ pH Total I ICO, Cl S», C'o" Na' 1^' 

(II>0) 

(%) (%) 


23 Szarvas 


30 Szarvas 


2-12 

6-8 

0 - 0(53 

0-004 

0-013 

o - 3 t : 

15-30 

6’9 

0-082 

0-007 

0-027 

0-33 

40-60 

7-7 

0-125 

0-015 

0-060 

0-10 

70-95 

8-1 

0-156 

0-016 

0-137 

0-29 

105-120 

8-5 

0-214 

0-017 

0-069 

0 " 12 

110-130 

8-0 

0-180 

0-024 

0-069 

0- 15 

140-160 

8 -^ 

0-180 

0-010 

0-066 

0-09 

170-190 

8-3 

0-193 

. . 

O-Ofiii 

0-12 

0-10 

■ 6'9 

0-089 

0-008 

0-047 

1 - 04 - 

12-28 

6-3 

0-081 

0-008 

0-047 

0 ‘( i 9 

40-60 

6-5 

0-076 

0-007 

0-047 

0-19 

70-90 

6-5 

0-082 

0-009 

0-040 

0-34 

110-130 

6-6 

0-075 

0-0 10 

0-055 

0-45 

160-180 

7‘3 

0-102 

0-011 

O - 05 'l 

0-45 


o - r.s 

0-2» tt-OB 
U-07 
I -50 0-07 


Oiia 

U’W) (I'Bii 
Ml! U-IB 


<>-:K5 IS'UB 
o-iiil 

0*17 U-Ii7 


TABLE 2 

Exchangeable cations 


Number and Depth of 
place of Horizon 

profile (cm) 


pH Hydrolytic Exchtuigeabk cationa % 
(KOI) acidity 


( cm ) 



Ga 

Mg 

Na 

K 

2-12 

5-90 

0-66 

70-09 

24-89 

3-53 

1-47 

15-20 

5-94 

0-53 

63-63 

24-93 

10-33 

1-08 

40-60 

6-72 

$ * 

47-02 

2 l - 2 (> 

30-99 

0-71 

70-85 

5-97 

« * 

38-12 

24-66 

36-26 

0-93 
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distribution of tbe exchangeable bases is shown in ableT 2, where the soi- 
oiiet/, character is clearly observable. Alkali soils in the alluvial plains of Hunga- 
rian lowlands where rice is grown belong generally to solonetz type. The forma- 
tion ^of ^ solonetz sole which was brought about as a result of the formation of the 
alluvial B laycu' and tins leaching of the A layer goes together with further degra'ftd 
ation oi the material of the soil in certain cases. In consequenct* of this degrada- 
tion the in'gaiiciuniricral compounds of the soil disintegrate. Organic matter 
solnVde in water is leached away in the course of erosion processes. The scs- 
ciuioxide compounds of the mineral part are washed out in finer distribution into 
the alhrviallayer and in the upper level of tlie soil the so called compounds of 
the amori'ihous silicic acid increase. This process is called by Sigrnond the 
dcgradatitin of alkali soils ; Gedroiz calls it solodisation. 

Table 3 shows the analysis of 5 per cent KOH extract of some Hungarian 
alkali solonetz soil-toyps of which the two of Hortob 'gy are strongly solodised, but 
th esoil of bzarvas is not. As it is seen, the rate SiOg. ; Al^O^ points this out well, 
because in case of strong solodisation the relative number is much higher than 
2 . From the table it is seen that the pH is nearly equal both in water and KGL 
Soiodizatioii of alkali soils of tlic Hungarian lowland occurs due to the conditions 
of the momentary excess wetness. At such a time, usually in the wet periods 
of Spring and Auiamm wetness and^ water soaking the soil and filling in smaller 
depircsSMions on its surface layer, create favouruVile conditions for the degradation 
of its material. Water accumulating on the alkali soils in the Hungarian lowland 
penetrates willmlifhtadiy int<mlie profiles oftlic soil, as these soils have a very 
liud permealalii>o Talde 4 sliows tlie mcclianical analysis of such a soil* The 
water having dried np, ibc surface of the aoil, cspacially m the depressions, is 
covered witli white dust, which in this case is not. soluble salt, but so called 
amorphous silicic acid. A superficial look lictrayB the characteristics of the degra- 
dation of soil. 

TABLE d 

D(M nf pH md 5 per mi KOH Solution of Solonetz Soils on the 
Himgarian Lowland. 


Soluble in 


Number and 
place rrf 
prrdik 

Depth of 

1 lorizon 
(cm) 

KOH 

SiOa AlttO', 
(%) {%) 

Ratio 

SiOj : AlaO;, 

pH 

HaO 

KOI 

I Iortol)/igy 

A 2-10 

3-96 

0-260 

13-0 

6-9 

G 1 


B 16-24 

2‘40 

0-272 

7-2 

8-0 

7-1 

Hortob^gy 

A 3-12 

4*4 2 

0-25i 

14-8 

6-7 

5-9 

1 Hi 

B 25-34 

3-16 

0-342 

9-1 

7 4 

(i-G 

Szarvas 23 

A 2-12 

1-38 

0-550 

2-1 

6-7 

5-9 


B 40-60 

1-75 

0-790 

1-9 

7-7 

()-5 
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TABLE 4 

MeehanUal Analysis of Hungarian alkali soils 


Diameter of Agrcgatc nim 


Number 

Dpepth 1-0-25 0-25.0-05 

0-05-0-01 0-01-()-0030-005-0-001 0-001 

liCBf: «ti 

and place 
of 

(cm) 







with HCl 

profile 


(%) 

(%) 

(%) 

(%) 

(%) 

(%) 

(%) 

Szarvas 

2-12 

0-24 

11-70 

33-01 

10-05 

11-41 

31*50 

2-09 

23 

15-30 

0-25 

12-11 

28-34 

7-51 

14-26 

27-53 

10-00 


35-50 

0-36 

4-01 

27-83 

8-25 

12-07 

43-45 

4-03 


■ 40-60 

0-09 

1-70 

25-18 

9-73 

12-87 

45-15 

5-38 


70-90 

0-10 

1-39 

30-55 

7-34 

13-29 

34-51 

13-12 


105-120 

0-09 

* * 

27-70 

14-26 

13-98 

27-26 

17-30 


140-160 

0-11 

• • 

37-25 

10-32 

13-14 

26-OB 

11-50 


170-190 

0-12 

» • 

56-23 

5-65 

10-96 

16-97 

10-70 


TABr,li 5 

SiO^ and A 4 O 3 soluble in 5 per mtl KOI! 


Number and 
place of 
profile 

Depth of Horizon SiO^ 

(cm) (mg.cq.) 

AljOrt 

(ing.eq.) 

HIO, 

Alat), 

HortoMgy 

4-15 

19-4 

o-a 

24- 78 

No. 144 

30-40 

9-2 

4-9 

1-H9 

No. 145 

3-8 

27-2 

1-8 

14-95 


18-22 

20-2 

0-7 

29-41! 


40-40 

10-3 

o.tl 

3-54 


60-65 

8-3 

4-6 

1-81 

No. 156 

4-20 

29-1 

0-7 

29- 10 


35-45 

■ 7-9 

2-1 

3*92 


60-70 

5-6 

2-(i 

2- 16 

No. 147 

3-14 

21-4 

5-. 5 

3-74 


23-33 

25-0 

1-4 

17-75 


40-48 

9-6 

3-1 

3-18 


58-68 

8-2 

3-1 

2-66 

No. 148 

4-14 

17-1 

2-7 

6-36 


22-33 

12-2 

7-2 

1-71 

Pusztab^nr^ve 

No. 140 

38-48 

9-7 

6-9 

1-40 

0-20 

20-40 

13-1 

8-6 

3-9 

2-9 

3-31 

2-89 

No. 142 

3-13 

12-5 

0-55 

22-70 


23-35 

9-6 

1-32 

7-28 




of thi, 1 „„ of fenUilyTthe „«™eS„ <l>o cau.e 

ulation due to secondarv alknliVati/f accum- 

it hinders further growth. This latter surface layers that 

«i Hungary as. the scdl-water contS frequent in the riccficlds 
>n the ncc fields (often 1-2 in from situated near the surface layer 

doe .0 <1.0 .inundation Thi. water I.vcl i. ,aS 

due to capillary action. ® ^ surface from the salty subsoil 

non. Ioh“' in = P0< 

given in Table 5. • ^‘aOs expressed in equivalent, which is 

4 years. In the pirome* No*” wf^^f monoculture for 

grown for 2 years and then afto oSaniJ if/ r " clover was 

area of profile No. 146 on tbf. maize was planted. The 

1 year uuSle,. ri„. il;” .t 'sio"'? rrn""'*?^ »>!'« fon »«ve5.1 yea.;, ate 

of lice are very high (profile No l44Cvni? ^ftcr monoculture 

nec (profile No. H6.r GontiuJv tothii > “r® "ven if wheat is sown after 

as well as organic fcrtilif^itici Wms 1. Pi'ohle No 148, the grassy clover 

tion to a smaller degree. In the above n/ n® ‘ -f f *•“’ ^ degrada- 

degraded are the upper lavem be observed that the mos 

ratio decreases whidi is\ meali«f ^'^® 

of profiles 145 and 147 sec thc lnaxininm'^fl^'^^^f*’^^”’ • *'*'® 

the next layer as indicated L the S 

unbroken original lawn and N iS^f/ tt i ^o- 145 is an 

(Tables). iSii’pnS^^ data of Pusztab<lnr^vc, 

as a result of rice monoculture' for 5 is shown in the surface layer 

Ptofile 140 after 4 vearjj of rir#^ wT i other hand in the area of 

beneficial effect of the^lcffuminoi« fberc is irrigated red clover. The 

which „.i.„ “f . a,.o. 

such cases value S (tiital ichaniibb* h/“ \ ^a ^dsurption complex of the iil. In 
the other hand value /tSw^ decreased in the degraded layer, on 

where T is the base cxc2ingeiapacUy“* ^ adsorbed H ions increase, 

M.<ou^Vc2 148 (Table 6) value S decreased 

intimately associated. In case of thesp which it is 
layer was the most degraded, ronimrtr <■/ fu” ®.°“®®^ucncc of irrigation the surface 
was no irrigation and the ma'vimiim A ^ 1^11 ^nd 147 where there 

but in the kycr under this in tS ’P® not in the highest, 

value T-S increased. That phenompnryn'^’ neither value S decreased, nor 

mentioned areas of the profiles a^p^f,?/ 

With these the effect of mSation is^ fields. In connection 

tcristic of secondary alkalization. * •^bc environment alkalising charac- 
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TABLE 6 


Exchangeable cations 



Profile 


Depth of 
Horizon 
(cm) 



Exchiuigftahlo 

Mg Ki-Na 
mg 0(1- 


S 



HortobJigy 

144 

4-15 

30-40 

5-5 

5-9 

18-0 

12-9 

6-4 

23-2 

Hortobi.gy 

No. 145 

3-8 

18-22 

5-9 

5-9 

6-4 

6-4 

37-8 

72-0 

Hortobigy 
No. 146 

4-20 

35-45 

5- 9 

6- 1 

3’9 

2>4 

4-5 

17>9 

Honobigy 

No. 147 

3-14 

23-33 

4- 9 

5- 3 

9*4 

2‘4 

7 '8 
i2'y 


'b.'i 

B-7 

27*9 

44'8 

31‘H 

47-2 

3'B 

2-4 

7'6 

7*8 

51*8 

86-2 

58*1 

BD'S 

03 

3‘3 

2-1 

7-1 

l()'5 

27'4 

12-4 

29'5 

1-9 

2*1 

7>7 

3*2 

24*7 

18'b 

33’() 

2«*U 

8' 3 


Hortohigy 
No. 148 


4-14 

22-33 


6-4 n'9 04 

6-4 16-3 22‘4 


2-2 2 i )'5 22 '() 1-.1 

(i.3 45'0 47*3 2*3 


Secondary alkalization i.e. salt accumtilation goes with the lilUttg tip <'i the 
adsorption complex with cations, so neither vahte S decreaps } 

increases. In these cases together with the natural dcgiadution. olhei {not e, w, 4 

secondary alkalization is observable on the fields surrouiKltng the irrigain'>H 
This is supported by Figure 1 . 


From the Figure 1 it can be seen that while tnj)r(dile8 
soluble salt is less, although these were under irrigation, ni prahleft 145 and 14/, 
which were near the irrigating system, soluble salts, especially the C|uantity id Nutd 
increases in a great deal in the surface layer ^ 


From above detailed data it can be seen that tliis particular ck gradation rif 
soil is a phenomenon due to the irrigation system in thtUIuiigan 
which is considerably wide-spread and exert an unfavourable influence on tlie 
fertility of Hungarian irrigated fields. This process is unfavourable on llie tme 
hand because while making the organic matter soluble, a part of it disappeari from 
the soil. Moreover, in consequence of degradation of colloid complex, not only 
the chemical and physical characteristics of the soil get worse but the structure* 
forming possibility and other physical characteristics too arc adversely atiecied* 


■ Excessive anaerobic conditions as well as the process of degradation iidltience 
in a detriihental way the microbiology of soil,, a conHequence «*f winch in all 
probability appears in the mineralization and adaption of nutrition ekriieril* Init in 
other process of the life of plants too. As our data prove, the organic fertilization 
and clover plantation have a good'' effect in compensating degradation lo a certain 
extent, 
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Salt profiles 



2 


The soil improvement which has been on a large scale going on tlie Hunga- 
rian lowland for a long time compensates also for the process of drgradaf ion of 
soil. The improvement of Hungarian alkali soils of alluvial origin and a cid sutfacc 
soils takes places with materials containing lime, which tnakc.'i the soil resistant 
against degradation. So numerous methods, for exatnplc the right plant rntatitm, 
fertilization and soil improvement offer to counter-balance this haruiful pt oerM. 
perhaps it may be eliminated tod. 
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StUDIES ON THE UNSAPONIFIABLE MATTER OF THE SEEDS OF 
CLITORIA TERMATEA LINN. AND ISOLATION OF r-SITOSTEROL 

By 

A. SINHA 

Pharmacological Laboratories, Division of Chemistry, Medical College, Agra 
[Received on January 25, 1960] 

ABSTRACT 

Y-sitostei-ol lias been isolated from the seeds of CMtom <«rniJt«a Linu. and has been characterised 
by tlie preparation of its acetate and benzoate derivatives and by comparing their percentage compo- 
sition , m. p.’s and rotations with those for known sitosterols. 

Clitofia tmiatea Linn, commonly known a.s Aparajita belongs to Papilionacea 
•sub-gronp of the. Leguminosae family and is known for its medicinal propertics^>®A. 
The seeds yield lB-78% of a fixtd oil which contains 1-62% of an unsapo- 
nifiable matter. Although, investiga.tit)ns have been ctirried out on the leaves 
of this plant by Tewari and Gupta'*'-, a survey of available literature reveals that 
no systematic chemical examination has been undertaken on the unsaponifiablc 
matter of tlie seeds so far. The present communication is concerned with the 
.studies on the unsaponifiablc matter of the seeds ol' Clitoria ternatea Linn, and 
i.solation of r-sitostcrol. 

The .sterol has been isolated by the usual procedure adopted for the pur- 
|)o.sc.'’’>‘’>’. The non-volatile, non-saponifiable fraction obtained by extraction of the 
liquor left after distillation with ether contained the sterol. From this fraction 
the pure sterol has been isolated by repeated crystallisation of the corresponding 
acetate and ben/.oatc and by chromatography over Brockmann alumina column. 

The sterol has been identified as y-sitosterol by the preparation of acetate 
^and benzoate derivatives and comparing their percentage compositions, m.p.’s 
* and rotations with those for known sitosterols. 

The sterol gave negative tests for N, P, S and halogen. It responded to 
Salkowski reaction and digitonin test and in the Liebcrmann Burchard reaction, 
the compound assumed a purple to blue and then green coloration. In the 
Steinklc Kchlenbcrg reaction, a purple coloration was observed which on exposure 
to light turned cobalt blue. 

EXPERIMENTAL 
Identification of sterol fraction 

Powdered seeds (1 Kg.) ol Clitoria ternakae Linn, were extracted with a large 
excess of petroleum ether (b.p. 40° — 60°) in an all glass soxhlet for 36 hours. The 
oily product obtained after evaporation of the petroleum ether extract was treated 
with acetone and the residue was saponfied with 4% alcoholic potassium hydroxide 
and the unsaponifiablc matter exhaustively extracted with petroleum ether. The 
oily residue from the petroleum ether extract was hydrolysed by refluxing on a water 
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Ui, ror 12 

After hydrolysis, the product was diluted comspcndini? amovuit 

evaporated on_ a water ^ 

of water from time to time. ethereal extract afier washing with waie.t 

times with petroleum JjJgSue rclluxcd with 2.1% nlmhohc. 

pota,™ hydrox.da for 12 ho™^>» If alchol w»» oxtn.rAo.l «Uh cli.rr a.»l 
SMSES o&whm the orudo .Urol fectioo wa. oldaloo.l. 

The eatrac. wa. refluaed wUh methyl aleoUol f" 
for 20 hoat »h» a Xu “ “o™" 

Thf sterol. >>*“ »“""X.‘kep““o “or M^mSTporiletl ILiIr 

ISe^lu^tfer^ttrodS™^ 

40" S°1 and kept at O' for 16 hours, when shining P'““” I t p. 

Vhprl with a little methyl alcohol and dried xn vaemulu Ihestrxol(l Jj g»)» I 

7^0—41° thus isolated was complctetcly dried in a vacuum desiccauir. 

Purifmtim of the sterol 

The sterol fraction was purified by chromatography of 
Brockmann alumina using petroleum ether (b.p.40'M)t)"j ami hcn'/.cnc ®*‘‘" *' * '*,“’ "t„ 

?3 • 2 v/v) successively as eluents. The bcnzcne-chloroiurm iraclitm gave ‘-.ohn i It ss 
v^-rt’ty riUtes of sterol The product was crystallised several times tiinu eihc* 

SB ^iStfod'; vl, Ld finally 

50 '-60’. T-sitostcrol was freely soluble in beiuciic, chlorolonu, and petioleum 

oiher sparingly in cold ntethyl alcohol 

no alteration in specific rotation on crystalhsntum*^ yield 1 io g. (u 

dry weight basis of seeds). Found : G, 83.90 ; H, ll'B8%. Mol. \V!. (ayo»- 

copic in benzene) 422. C119H50O requires G, 83*98; II, 12* la % . Mnh W t- ** !'* • 


Pvahnr/iihm i f Jirnl 


... 'I 


The sterol (0*5 g.) was heated under reflux with I*.*) c.c. of acetic anhytlihlc 
and 1'5 c.c. glacial acetic acid at 140“ for 3 hours in an oil hath. 'I'hc rraclion 
product was cooled and filtered from the separated plates which were dried over 
fused GaCla in a vacuum desiccator. The solid acetate was washed ^ wiilt wsttcr 
and 20% alcohol. It was crystallised once from absolute alcohol, yield (Ul>h%) 
and finallly fractionally recrystalliscd from methyl alcohol in colourless shining 
plates, m.p. 140°-41°, [aV8-47° *0 (GHGlg). Found; G, 81*00 ; H, 10*90%. 
CjiHjj Oj requires G, 81*57 ; H, 11*47%, 


Hydrolysis of sterol acetate 

The sterol acetate (0*2 g.) was saponified with 10 c.c. of alcohol, l*0g. polas- 
iums hydroxide and a few drops of water by heating on a water Imth under 
reflux for 8 hours. After the hydrolysis, alcohol was removed, the residue diluted 
with water and was extracted with ether. On removal of ether, tlie sterol Was 
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crystallised once from absolute alcohol and twice from alcoWl-benzenc miiidurS 
(1 : 1, v/v) in colourless shining plates, m, p. 145®, (GHGl^i)* 

Found: C, 84-00; H, 11-88%. Mol Wt. 418. Ca^HcoO requires C, 83-98 ; 
H, 12-15%. The regenerated sterol developed a purple to blue and then green 
colour with Liebermann Burchard reagent. 

Pfeparation of stefol b$ntoat$ 

The benzoyl derivative of the sterol was prepared by Gallon's method®. 
Benzoyl chloride (0*25 c.c.) was added to an ice*cold solution oi the sterol (0*1 g-) 
in dry pyridine (2-0 c.c.) and methyl alcohol (0-2 C.C.). The mixture was kept at 
25® for 12 hours, decomposed by the addition of crushed ice, acidified with cone. 
HCl and extracted with ether. The ethereal extract was washed successively 
with dil. HGl, sodium carbonate solution, water and then dried over fused 
CaCl2. On removal of ether, the sterol benzoate was crystallised from a mixture 
of ethyl alcohol and ether (equal vols.) until no further alteration in specific 
rotation was noted. The sterol benzoate was obtained in colourless shining plates, 
m.p. 150®, L«1d^®44®-5 (GHG4). Found; G, 83-27 ; H, 10*35%. 
requires C, 83*34 ; H. 10-49%. 

Hydrolysis af sterol benzoate 

The sterol benzoate (OT g.) was refluxed on a water bath with 5% alcoholic 
potassium hydroxide (50 cx.) for an htmr. The reaction mixture was cooled in 
cie-cold water and the separated sterol was washed witlt water. It was recrystaF 
iised from al)soliUc alcohol ami dried in vacuum. Tlie recovered sterol had m. p. 

145®, «4U®*0 (GIIGiO. Found : 0,83*96; H, 11-85%. G^^lkoO requires 

G, 83-98 ;H, 12.15%, 


Preparation of sterol digitonide 

The sterol digitonide was prepared by taking a saturated solution of the 
sterol (0-1 g.) in absolute alcohol at 56® and treating with an equal volume of 
digitonin solution in 90^/ ctliyl alcohol. The product was rdluxed on a water 
bath for an hour and then kept at 0® for 1 2 hours when the digitonide was obtain- 
ed as a white pc^wder. It was separated, washed with alcohol and dried, m. p. 220 
(decomp,). Found : G, 61*80; H, 8-40%. Ca^HgoO.CwHgoOaa requires G, 61*91 ; H, 
8 - 6 %. 

Hydrolysis o f sterol digitonide 

The sterol digitonide was dissolved in pyridine and digitonin precipitated 
with the addition of ether. The filtrate was extracted with dil. HGl to remove 
pyridine and then with water to remove FIGl. The ether layer was separated 
and evaporated to dryness. The residue (regenerated sterol) was dissj)lyed in 
methyl alcohol and crystallised when colourless shining plates, m, p. 144 , [<s'Jb 
-40®-0 (CHGI 3) was obtained. The sterol showed no alteration in specific rotation 
on crystallisation by the technique of Anderson.® 
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PHYSIGO CHEMICAL STUDY OF COMPLEX FORMATION OF 
ZIRCONIUM WITH DIGARBOXYLIG ACIDS 

Part I : Complex Oxalates of Zirconium 

By 

V. V. SUBBANNA and A. K. BHATTACHARYA 
Department of Chemistry, University of Saugar, Sagar, M. P, 

(Received on January 27, 1960] 

« r- w oxalates of zirconium. Howard 

ki ^ analysed the white precipitate obtained by heating a mixture of zirconium 
chloride and oxalic acid solution in methyl alcohol and reported the composition 
of the white compound corresponded to be Zr (OX)^. A. Rosenheim and P. Frank^ 
PJ®P^'^ed a series of complex 8- covalent oxalates of type M^Zr (OX)^ xH^O 
T\ir K, NH4). In recent years S, R. Mohanty, D. Singh and Gopalkrishna 

Murthy^ studied the precipitation of zirconium oxalates potentiometrically and 
reported the formation of four dilFerent complexes. But no systematic physico- 
chmical study has been done on complex formation of zirconium with dicarboxylic 
acids, riic results of the electrometric studies on complex formation of zirconium 
with oxalic acid and potassium oxalate have been communicated in this paper. 

Fig. I 





EXPERIMENTAL 

Standard solutions of oxalic acid (A. R.) and potassium oxalate (A. R.) were 
used. Zirconium sulphate (B. D. H.) solutions were standardised gravimetrically 
by precipitating with mandelic acid* and igniting the precipitate to oxide. AU 
solutions were made in double distilled water. 
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Zirconium sulphate solutions were titrated with oxalir arid aiuf i).>f 
oxalate solutions conductometrically and potentiomelrirallv at y;i> fit | „ 

Doran conductivity Bridge and Beaman ‘pH uwtrr inndri Ify: Tlo v'l, rn. 

is neX”le ‘'-Hlm tante 

If 



DISCUSSION 

cLili reaction owun \ . u. ‘’‘'“‘•‘•‘“H. TiinrlVur it 

conqJri titration curves with axuHr i Utr nuture ut* 

r,s» ’’■ « ™ otto c ;ss "'“‘ 'i.iiv.-. 

[teSv pU 7=”, Sf" 


Mow. : Mroly™i,p,„d„o» one'^SeS: 'll 

I rtirir ^ 


.xai 7 '“ ■*■ "•®°‘ ■ • ( n 

oxalate to give I ; 2, 1 • 3 and 1 reacts with oxalic acid or o , ■ 

Oxalic acid: ' ' ' ^ ^ ^ • 4 ratio Complexes as follows V 

H r 7,7p^?f‘ I Zf (C,0.). ] * ■ 

P*tei« 0«,L : * ‘^•' - H. [ Zr (O.O.). J 

* ‘°*°‘>*+K.S0.+2K0H 

' + K.OA ^ K, [2, (cjo.), j 
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moleJll® If ® liberated in equation (2) are neutralised by one 

^ of HjSa liberated due to hydrolysis [equation. (1)] hence the pH of the 
solution remained almost constant upto the formation of I : 2 ratio complex with 

Fn^r oxalTc acTd^gTv^Io 

titrat^n**°*^ because change in pH of the solution is insignificant throughout the 



MOLES OF LIGAND ADDED 

CURVE A t 100 C.C. OF 0 OIM Zr(SO,)aIN 0-lN HaSO,,-0-5M HaOjO* 
’> “ * •• - » — 0-5M KaCjOj 


Fl&.iV 



U.U. OF LIGAND ADDED 

CURVE A I O'OIM Zr (SO^la IN O’lN HjSO^—O'OIM IIjCjOj 
•* •• .. -O'OIM KaGjO* 

with uietlSeTeagLl Vhlch dvl f 

The titration curves are given in Fig. Ill which diow a dSSte brelk aU “T Stfj 
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of the reactions indicating the formation of 1 : 2 ratio complex only. Thf _C(,m- 
position of the complex was also determined by Jobs method id j .ontmned 
Wiation.5 One set of typical results is represented graphically m I .g IV. It 
may be seen from the figure that the peak of the curve occitrs ;xi f!»e ratm .d 1 : 2 
of the reactants. The probable reactions involved m the lorraatmu of this 
complex are : 

Zr (S 04 )a+ 2 HaCA v> Zr (OaO.^)ad 211,^0, ^ 

Zr (SO,)a+ 2 KA 04 v>' Zr (CA)a ! 2K,S0, 

The presence of sulphuric acid causes no precipitat ion of Zr (CJjOj'lji which 
is soluble in sulphuric acid. 
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STUDY OF COLOUR AND CONSTItUTlON OF THE DYES OBTAINED 
FROM SUCCINIC ACID AND SUBSTITUTED SUCCINIC ACIDS 
Part 1. — Dyes from Succinic Acid 

Bjr 

S, P. TANDON and J. S. GHAUHAN 
Department of Chemistry, University of Allahabad, Allahabad 

(Received on January 30, 1960] 

ABSTRACT 

_ The following succinein dyes have been prepared and their properties studied and their absorption 
maxima measured ; 

phloroglucinol succinein, pyrogallol succinein, catechol succinein and quinol succinein. 

INTRODUCTION 

In the present series of investigation an attempt has been made to study 
tlie relationship between colour and constitution. Different succinein analogues of 
phthaleins were prepared by condensing various phenols with succinic acid and 
substituted succinic acids, and the absorption maxima (x max) of these succineins 
and of the corresponding phthaleins were observed to study the effect produced on 
the colour of the dye by the replacement of the phthalic acid part in phthaleins 
by succinic and sul)stituted succinic acids. The structural changes made in the 
lower portion of phthaleins were of the following kinds : 

(1) The bcuKcnoid phthalic anhydride system was replaced by an aliphatic 
succinic anhydride system. This change docs away with any possil)ility 
of conjugation of the central carbon with the lower portion. 

(!2) One of the hydrogen atoms of one of the -GHa groups of the succinic 
anhydride part of the succinein was replaced by a phenyl group, thereby 
the aromatic conjugation was insulated by the intermediary -GH^ groups. 

(3) In the iiitroduced phenyl group in the succinic anhydride part of the 
succinein a hydrogen atom of the ring was substituted by a nitro group in 
the ortho and para positions and by a chlorine atom in the ortho position. 
These substitutions atfected the distance between the two carboxyl groups 
of the acid and this resulted in the decrement of the yield of the dyes 
obtained thereof. 

We propose to describe first the experimental part relating to the preparation 
and study of the different series of succinein dyes and then discuss the results 
and compare them with those of the phthaleins and draw our conclusions. In 
this first paper of the series the experimental work concerning the preparation 
and study of succineins is given. 

Phenol Sutcinein, HO— |■j^^J--OH 

\/\ /\/ 

G 

/ \ 

H,G O 

I I 

HjG — CO 

Phenol succinein Was prepared according to the method described by Dutt.^ 
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The dye is aimost a coioufless solid> It dissolves iii .'itcohol gu'uif^ .t reddish- 
yellow solution, and in aqueous alkali it dissolves giving a pink sohilion. 

Melting point is 252— •253''G. and absorption mnsimurti SlObA. 

Analysis. -found: C«70-95%, H^^^5‘22% ; the fonmthi ‘♦'d'dres 

G=70-ll%, H = 5-18%. 

Smeiml Fuoresesin (Resminol Sttccmin) mid Succinyl Imin 


O Hr 


_/\/\/\. 
I II II i 
\/\/\/ 
G 

/ \ 

HaC O 




'X/X/'X*' 

0 

/ X 
n,c. o 

I I 

HaC-GO 


. - I h- 


HjC — GO HaG-GO 

Succinyl fluorescein and its tetralwomo derivative, auccinyt rosin, were 
prepared according to the method described by Gtibbs and Hope 

Succinyl fluorescein is dark red in Colour. Its alcoludic solution is yellow 
with a light green fluorescence. In alkali it dissolves giving red solutiou wlsich 
on dilution shows intense green fluorescence, the intensity of whirh apprara to 
be of the same order as that of fluorescein under siinihu* cirtuniniiun es. The 
dye melts with decomposition at 234— 236‘^G. Its neutnd Solution bus .dwuiption 
maximum at 4600a and its solution having a drop of idknli sdisorlis at 4!}n{).v 

Analysis.— found : 0=67-58%; H ■34-32% the fomud.t GtaHiaO* irnuires 
G=67-61%,H=4-22%, 

Sucdnyl Eosin.—li is a brick red solid and dissolves in alcohol giving it red 
solution. Its solution in dilute alkali is deep red. It inells tutd BtnmUiuteimsly 
decomposes at 250 — 251®G. The dye has absorption maxitnvun at 54t}<)A. 

Analysis.— found : Br=53*3G% ; the formula Gji„H„f),Brt requires Hr !V:i‘3:i%, 


Phloroglucml Succinein 


O 

,/x/x. 


x<«i 


\/x/x/ 

1 G I 
HO / XOf l 
HaC O 
I 1 

. . , ^ H,C-CO 

were then added to the molten mass and the wln.ln 
?nfkL tW The temperature was then raised u, 

After ?Lw the ‘ Contents of the boiling tube became solid, 

solutio^andluere^^ was extracted with dilute sodinm hydruxide 

red alkaline filtrate, the dye was predpitat- 
S dition of dilute hydrochloric acid with constant .stirring. 
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6itere(i undef suction, wasted witt water and dried 
at 1 10°C. It was finally purified by crystallisation from alcohol. 

The dye is a brown crystalline solid giving a yellow solution in alcohol. It 
also dissolves in alkali giving deep red colour. The melting point of the dye is 
above 300"G, and its absorption maximum 4600a. 

G-60'^75|^‘h^? 79% ' H = 3-81%; the formula GieH^aO, requires 

for preparing other dyes of this scries was almost 
the same as described above; the conditions under which the reactions were carried 
out are given below in a tabular form : 


Name of the 

Condensing 

Temp. 

Duration of 

Melting 
point C 

X max. 

dye 

agent 

C 

heating 

Pyrogallol 

succinein 

H^SO, 

160-180° 

4 hrs. 

above 300*^* 

5400% 

Catechol 

succinein 


150—170° 

5 hrs. 

p,p 

X 

Quinol 

succinein 

»» 

fP 

pp 

9f 

5400a 


P)>rogallol Succinein, 


OH OH 

I O I 

HOy\/V>.OH 


n 11 8 . 

\/\/\/ 

C 

/ \ 

H,C O 

I I 

HaC— GO 

‘^^‘^ohol giving a slightly green colour. Its 

solution m alkali IS dark and darkens further on keeping. 

« = 3-85o/,; the formula G^^H^aO, requires 
OH OH 

J ^ I 

/\/\/\ 

I n II I 
\/\/\/ 

G 

/ \ 

HaC O 

I I 

HaG — GO 

alcohS^^''S‘^fl^!l-ri-'^ ^ ® reddish brown solution in 

alcohol, in alkali it dissolves giving a dark brown solution. 


Catechol Succinein, 
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inaZww.-Found ; 0 =67-58%, H=4-26% ; the formula 0„f rcqtiires 
C = 67-61%,H-4-22%, 

O 


Qjiiml Succinein, 


/\/\/\ 

C 

/ \ 
H/l « 


HaO — CIO 

Quinol succinein is a black solid giving a liglit lirown solution in alcohol 
and a dark brown solution in alkali. 

Analysis. — Found: G=67’59%, H«=4*31% ; the formula requires 

0=67-61%, H=4-22%. 
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LIQ,UID CRYSTALLINITY IN SGHIFF’S BASES 

By 

I S. DAVE and J. M. LOHAR 

Chmistry Depariment, Fatuity of Science, M. 5, University of Baroda, Baroia 
[Received on January 30, 1960] 

ABSTRACT 

Some new Schiff’s bases have been prepared and their liquid crystalline property has been 
studied. The liquid crystallinity of these substances has been observed to vary with the polarity of the 
end groups and an order of group efficiency has been deduced from their mixed liquid crystals with 
l>—a 2 ioxy anisolc. 'Ihe order is as under ; 

0Cyiir>GH30>0. CO. G^H^>0. CO. 

Liquid crystalline substances arc long rod shaped notoleculcs with polar groups 
at the centre and the extremities.^ In fact, the minium structural requirements 
havebeensunnnarwedbyBrownand Shaw^ and these are satisfied by Schiffs 

bases. A substance of the type ^ ^C, where A and G arc polar end 

groups and B a mildly polar central group, sluiuld be expexted to exhibit liquid 
crystallinity, which of course has been found to depend upon other factors too. In 
the case of Schiff*s bases, A and G are the different end groups and B the central 
GH:N group. A number of Schiff’s bases, have been prepared and studied in the 
li^ht of tlieir behaviour for liquid crystallinity, individually, and also in mixtures 
with another liquid crystalline substance viz. p-azoxyanisolc. In Table 1 are listed 
the Schiffs bases with their melting points and transition points, if any. 


TABI.E I 

No. 


Schiff's base 



M.P.°G 

T.P.X 

1 . 

O.CO.CHg 


^ CH:N<^ 


GH, 

99 ’0 

^ « «i 

2 . 

O.CO.CH 3 

/' 

\„ 

\ GH:N<;^ 

/ 

Cl 

llO-O 


3. 

O.CO.CH, 

/ 

\... 

OH:N<^ 

\ 

/ 

OCH 3 

112-0 

' 119-0 

4. 

O.GO.CHa 

/ ■ 
\_ 

GH:N<^ 

“X 

OGjHs 

118-3 

137-5 
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No. 

Schiff’s base 

’"m.p.t. 

'r.p,.'’c 

5. 

O.CO.CaH5<^ ^ CH:N<^ ^ GlI# 

101 •;) 


6. 

O.GO.CA^ ) CtI:N/ ^ Cl 

94-4 


7. 

O.GO.C,h/ ) CHiN^ ^OGIIa 

DS-o 

ltH:i‘4 

8. 

OCHg/'” \cH:N/ )>OCaH, 

12«*3 

(r.ii-b) 

9. 

OCH3 / ) CH:N/ \ OCH, 

147‘0 

$ n 

10. 

NO, / \CH:N<^ yOCA 

123‘5 

» 1 


A study of Table 1 clearly allows that Nos. 1, 2, t>, atw! tO nrr unn 
crystalline Schiff*s bases } Nos, 3, 6 attd 11 aw monotfopic lit|nitl cryatalHrw Sclull’s 
bases, the isotteijic-ncttiatte transition noints of which are *!u>wn in hraclris whilf 
Nos. 3, 4 and 7 are enantiotropic litiuid c^stnlliite Schiff's Imsw. In the nasf* of 
No. 3 the transition pionts given in the litewture-' arc 112 ’-128 'Cl, Inn wc htnl that 
it definitely melts to a nematic liquid at 112'’G, and on further heating it transforins 
than i*t!^iG liquid at 119°G5 thi change Ihom isntrnpie to nmwfic |aMif«»trofnc) 
liquid On Cooling is also sharp and takes place at ll'j’CI exactly. In the case of 
ebtnpouhd No. 4 not only therfe w a highef transition point, hut it also possesses » 
longer phase letigth. The cotnpoutid N®. f , ffe. p^propiottokybenrid-p-anisidine also 
poSSse'Sses a greater phase length than the corresponding acetewy compmtnd No. 3, 
This can be attributed to the polarity of the frmips pwsent in these conipt«mds. It 
is interesting to note that the p-acetoStybenaal-p-tbluidine. and p-acetosybcnral-p- 
chloroaniline (Nos. 1 and 2) are not only non-liquidcrysulline, hut do not exhibit 
even mono-tropic liquid crystallinity, y^hile the p-propionoxyhnr/.abp'tolnidine 
and p-propionoxybenzal-p-chloroaniline (NoS. 5 and 6) arc both inwuuropic liquid 
crystals. This may probably be ascribed to the length and polarity of the 
propionb&y group coifipafed to that of the acetoxy group. 

It should, however, be mentioned that p-anisal-p-phenctidine (No. 11) is a 
monotropic liquid crystol* while both psenisal-p-«nisidinc (No. 9) and p-«itrohen'/,ab 
p-phentidine (No. 10) are non-liquid crystalline Sclsiff’s bases®-’, although p- 
nitrobenzal-p-phenetidine has a lower melting point and possesses a mow polar NOg 
group. It seems, therefore* that the Irqui'd crystalliriity in monntrnpic systems may 
also depend on other factors like the supcrboolkig and the cryslallising tciukiudes of 
the compounds. 

Binary hkixtures bf kbiie of thi seteff’s basbs With another liquid tiryttalline 
substance sk. p-azoxyanisole have been Studied, and in tables 2 and 3 are 
recorded the graphical observations of the study. 

of 'dh* Irhnsitioh Uh'ft's in the c«*t of «ch ill’s bases 
hsted above arc given in Table No. 4, 

■ ' I m 


ThBlM % 

SoUd4iqiM iransiiwn imprmurs for ike Unmj system, Tk§ et^dk Umperaiures and m, p, s, ofP^^ components 
are dire^ exp&rimmial wcdues * the other tmiperatufes are read from the phase Magrams 
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115-2 121-0 125-4 128-6 131-0 132*2 133-1 134-0 134-5 135-4 136-0 23-3 110-5 



TABLE 4 


S. No. 

SchilT’s hiisca 

Sltq>e fd” the curve 

1 

0.C0.CH<,.G8H,.GII : N.Grtll^.GH., 

It!-) 

2 

O.GO.GH^.CX.CH : N.a„Ht.Cl 

lO'l 

5 

O.GO.G,Hb.GoH,.GH : N.GoHiGI 1., 

n-H 

6 

O.GO.GaHr,-0«H4-GH : N.C^i r^.Gl 


8 

OCH, cIh^.gIi : N,C„H,.OGaII.-. 


9 

OOH3.CoHt.GH : N.C^Iit.OGMs 

4-0 

10 

NO,.GettcH : N.GoH^.OCatl., 

1-5 


The slope of the curve of the triinsUiun line slniitls us ;i mrastur'' the 
tendency for liquid crystal formation. Further, it luis Ik-oii simwn tltul the gfotip 
values of the slope of the transition line.s are approximately iuhliiive aiul that the 
values for different end groups can be deduced therefrom, 'Fhe etfeut of the central 
group is j either very small »r negligible. The table No. f) gives the values of the 
end groups arranged in the order of their magnitude, 

TABLE 5 


OCaHj > OGH, > OCO.CaH„ :> OCO.Gll,, - <lf l„ (U 

bO 2-0 M :i-()5 7^2 7‘2 

It should be mentioned here that while the slopes (tf the curve for the group** 

0CH„0C0.9H3 and OCO.GaH„ are almost tmar eaeh calter* the 

dine (No. 9) is not a liquid crystal'*^ 'while both |)-aceit«ylir4V/4ilq:h’#iiiifriilinr* (Ht*, II) 

and p-propionoxybenzal-p-anisidinc (No* 7) are genuine eryiuti'Otro|>ie erysUihi 

This may probably be due to the lower melting poiniH anil tlie length of I hr nu rrs*' 

ponding p-acetoxy and p-propionoxy derivativeH m compared ti) the p aidsal 

derivative. 

EXPERIMENTAL 

Preparation and prifmlm of the s^hiff's bm 0 s.-^Tht m \nmn are prepnred 

by ^ heating equimolar quantities of the correspoiHliug jirimialic akleliyite» ainJ 
amines for^an hour or two, and recrystallisjing the crude prutiiict IVtuii ethyl iilcidiid 
nto fine crystals which melt sharply. The acetoxy and propiiumxy derivatievw were 
prepared from the corresponding aldeliydcs whiclt in turn were prepared 
p-hydroxybenzaldehyde by condensing with the respective acid anhydride for two 
three hours.jand distilling the product under vacuuiin^^ 

^-Acetoxybenzal-p-anisidine, Found N-5‘295 %, requires 5‘2{H%, C,„Ilj»0,N, 
Method of study.— Hhe phase diagrams areu stdiede by the opticsil njetluxi.* 
w authors are due to Prof, S. M. Setluui for his interest in tl»e 
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CHEM I GAL EXAMINATION OF THE SEEDS OF 
CIJTORIA MARIRA Lim. 

By 

A. SINHA 

Pharmacological Laboratories, Division of Chemistry, Medical College, Agra 
[Received on February 2, 1960] 

Clitorial Marina Linn, commonly known as Sweta Aparajita belongs to Papilion- 
aceae sub-group of the Leguminosae famUy and is distinguished from Clitoria Ter- 
natea Linn, by its light blue to almost white flowers. The plant is known for its 
medicinal properties^ and the flowers find use in the treatment of cramps and 
paralysis®. Although studies have been carried out on the plant Clitoria Ternatea 
Linn, by Tewari and Gupta, ^ a survey of literature reveals that no systematic chemi- 
cal examination has been reported so far on any part of the plant Clitoria Marina 
Linn. A systematic chemecal examination of the seeds of this plant has been carried 
out and the findings have been reported in the present communication. 

EXPERIMENTAL 

The plant Clitoria Marina Linn, was specially grown for_ purposes of chemical 
examination from authentic specimen of seeds and di.stinguished by its light blue 
to almost white flowers. The ripe large seeds were collected and sun-dried. 

Powdered seeds on complete incineration in a mulllc furnace at 600" for 
Shours left a white ash (yield 2’36%) of which 38‘B% was water soluble and the rest 
acid soluble. The ash on analysis was found to contain sodium, potassium, calcium, 
magnesium, iron and aluminium as the basic radicles imd chloride, sulphate and 
phosphate as the acid radicles. By the application of flame photometric and 
colorimetric techiques, the amounts of sodium, potassium, calcium, magnesium, 
iron and aluminium have been found to be 318’6, _923‘5, 198'5, IbO’O, 20’8 and 
15'0 mg. respectively per 100 g. of the seeds on dry weight basis. 

The powdered seeds were extracted with a number of solvents in succession 
in an all glass soxhlct with 3 vols. of the solvent for 20 hours in each case and the 
yield and charactaristics of the extracts have been given below in Table 1, 

TABLE 1 


Showing solublity characteristics of the seeds 


i. No. 

Solvent 

% yield 

Characteristics 

1 

Petroleym ether 
(b.p. 40°-60°) 

18*5 

The extract was pale yellow in colour 
and consisted of a fixed oil. 

2 

Solvent ether 

14'5 

As above but in lower yield. 

3 

Chloroform 

1*8 

An yellowish-green resinous mass was 
obtained* 

4 

Absolute alcohol 

2*4 

An yellowish-green sticky residue was 
ol)tainccL 

5 

75% alcohol 

2*1 

As above l)ut in lower yield. 


I J 
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tanniM but sapSns'lmd alkaloids were found to be uI.Hcnl. The !ir«b on f x.uniua- 
tion were foun^ to contain the following conatituU-nts. 


Shell 

Kernel 

Ash • • 

Moisture 

Reducing sugars . . 
Fibrous material . . 
Nitrogen content . . 


11*2 percent. 
8B-B percent. 
2"3(> per cent. 
4‘3 per cent, 
2'5 per cens. 
2‘0 per cent. 
Id) per Cent, 


Examinalm oftheoil.-ThcPmy oil obtained in ia-5% yield by extracting 
the powdered seedis (2 Kg.) after careful decortication With petroleum ether 


iO_5oo) and evaporation of Ote solvent wis bright yidliiw in 1 he 

' charciKil ami i raith* 


(h.p. 40 — wv / - - A - , , » 

oil was puriHed by repeated treatment with animi! 

a-drying and possessed the following characicrisucs : 


It 


was non-' 


Specific gravity at 30“ 
Refractive index at 30“ 
Acid Value 
Acetyl Value 
Saponification Value 
Iodine Value (Hanus) 

R. M, Value 
Hehner Number 
Thlocyanogcn Value 
Unsaponifiablc Matter % 


0- 9102 
1*4630 
10‘33()0 
la-otloo 

iBO-anoo 

iia-otwi 

0‘30(K) 

«2-6r.t)0 

1- (.oao 


Examination of fatty acids^—The oil (100 g.) was saponified in tltc iwttid nwnnfr, 
the unsaponifiablc matter extracted with ether and tlie fatty acids were liberatetl 
by treatment of the soap with dil. Hj,SOhi. The mixed acids w«t separated into 
saturated and unsaturated acids by Twitchcll’s lead salt alcohol process as modified 
by Hilditch.* The liberated acids possessed the. following propertiea ! 

TABLE 2 


Showing the properties of the liberated adds 


Serial 

Name of 

% 

Iodine Thiocyanotten 

Neutrtd 

Mnmt MiiL 

No. 

acid 

fraction 

yield 

value 

value 

value 

wt. 

1. 

Mixed acids 


118-0 

82-^" 

182-f) 

2?:bfi 

2. 

Solid acids 

20-0 

5-0 

3-50 

183-8 

»t «‘n 

3. 

Liquid acids 

80-0 

136-5 

84-50 

185-0 

275-fi 


Exmin<aion of unsaturated adds.— 'The liquid acids were oxidis«l with till. 
KHnO^. solution according to the method of Lapworih and Motlram”, when a 
'dih^droxy -stearic, acid, m. p. 132° and a tetrahydroxy acid, m.p. 177" were tibwined 
showing the presence of oleic and linolcic acids. The percentages of oleic anti 
jl»oMc ,aei^ wore determined by bromination of the liquid acids in ethereal solu- 
tion at —10 according to the method of Muggcnthaler" u.s modified by Jitmei.son 
and Bouglwaan^ and were found to bc 51-7 and 15-6 % respectively in tlie mixed 
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kxaminaiion of saturated adds. — T^he saturated acids were converted into tlieir 
methyl esters and the mixed esters fractionally distilled under reduced pressure. 
The saponification value of these fractions were determined. The acids were then 
liberated from tlie the different fractrons and characterised by their melting points 
after fractional crystallisation and from the melting points of their amide and anilide 
derivatives, prt^.pared in the usual manner. The quantities of the various acids in 
these fractions were; calculated according to the method of Jamieson and Bough- 
man'^ and have l:)ecn shown below in Table 3. 

TABLE 3 

Showing percentage composition and characteristics of the acids 


Serial 

No, 

Name of 
acid 

m. p. of 
acid 
in °C 

in 

b. p. of 
methyl 
ester 
TC mm 

rn. p. of 
anilide 
in ^G 

m. p. of 
amide 
in ^C 

7o 

saturated 

acid 

% in mixed 
acid 

1. 

Myristic 

54'’ 

110/1 

79 

100 

9-0 

1'8 

2. 

Palmitic 

63” 

130/1 

90 

105 

44-0 

8-8 

3. 

Stearic 

70” 

155/1 

94 

110 

16-5 

3-3 

4. 

Archidic 

75'’ 

180/1 

97 

107 

5-0 

1*0 


Examination of imsaponifiable matter *^Tht unsaponihablc matter obtained on 
removal of ether was examined and a crude sterol fraction was isolated from it. 
From tliis fraction, the pure sterol has been obtained by repeated crystallisation of 
tlie corresponding acetates and benzoates and by chromatograpliy of tlic product 
over Brockman alumina Cidumn. I'he sterol has been idcntifiial as y— sitosterol. 

Exainination of redming sugars.^Thc seeds contained 2*5'^V^ of reducing sugars 
whicli were identified as arabinose, xylose and rhamnosc by paper chromatography 
by tlie procedure described earlier by the author 

SUMMARY 

The^ seeds of Clitofia Marina frwn. have been examined and found to contain 
18*5%^ of ajixed oil Tiic component fatty acids of the oil have been found to be 
oleic 51*7, linoleic lr(5, myristic 1*8, palmitic 8*8, stearic 3*3 and archidic 1*0% 
respectively, 'fhe utiisaponifiable matter consisted of y-sitosterol. 
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chemical examination of the MUOn.AOE FROM THF: I.EAVF.M 
and COLOURING MATTERS FROM Till-: Fl.OWI-.RS OF 
CU'IOIUA MAMMA lAMM, 


Hy 

A. SlNllA 

Pharmacological Laborakrics^ Dhismt oj Qh$mhif}\ Mtdiml 


[Received on Febuary 3j 

The mucilage from the leaves of ClUmk nutrina Linn, has ohniiriiiil m 'a whiir pawilrr hy 
precipitation witlralcohol. It was non-rctludng having . m wairr) anil slinwctl llir 

presence of 71*5, 12'4 and B‘()% of anlivdrogalaeUon, anl'tydro|>rntnsar^ aint rncilivl iirnitiwn rffittrc" 
tively. Mild hydrolysis of the mucilage wit sujpUnric aiud ^ihnwcil {hr. priAirncf nl' gafar- 
tose, L — arabinose and rhamnose. The purified nuu-itage nn mcthylafitm ipwe a wfih-yl'Alrfl |»tnrlnrf 
[{OMc. 38’Oj/ ; 41*0 {<% 2^{j ddorolormjjh The tnr.lhyUued |■frndln1 nii liydr»dy:h's imlh^aird 

the presence ol sugars, one of which ha^ he{.u iiiauitied. m trim C'f inciliyt nalriiicr. 

The colouring matter has been Mated fromtlic tiuwori by mhAmikr wdh VO/f, 

alcoliol From the , crude rtisiduc, two fractions td acetnuc aoluhio niatirr hivs burn ^r|iar#aril by 
column chromatography. The cliaracterkki of ttm bohitcd colenrimi tnaiin h.is Unn^ litvrsNgaicd 
and the product has been found to be a glucoside coiUaitung two nu’itomy at'ifoiic, I lie aitlyi/one 
fraction, C^QFl^^Oe has been found to contain two mruinmy and threr h^ibdmy 

Clitoria marina Linn., commonly known u-h SwHa (ipurnjiia tirluii|. 5 » ip /V//n7ifiri- 

sub-group of the Lcguminom family and In dislinguinticii from idihriu i^niiUru 
Linn, by its light blue to almost white llowerju 11m plmT in lumwn lor nirdi^'** 
cinal properties'^ and the flowers And use in the troaiment of eranrjrn iiml paralynis'^, 
Although investigations have been carried out on tlie leaven of the ptani, (fli/dmi 
natea Linn, by Tewari and^Gupta*^ a survey of available tileraime reveab ibal no 
^stematic chemical examination has been reported so i\if on any pari of ihe ptani 
Cutoria marina Linn, A preliminary examination of the leaves fdioweil itir jir'esriiee 
of an essential oil, colouring matters and mucilage liesides a hdacbme eoinjiotmd# 
In the present communication, studies (:m the mucilage olHatned froiri liie' leaves 
and the colouring matter contained in the flowers have been repotted* 

EXPERXMENT'Ar^ 


The plant Cliiom mama Iwrt was specially gro fur nunnwes {»i chrinlcal 
examination from authemc specimen of seeds and distiiigi ishrd tiv its lii.hi I. Inc 

.0 almost wh.„ The leave, and llo,,e„ were udkicrllZ,:, daiu 


INVESTIGATIONS ON THE MUC!n,AC}E 
' Isolation and purification of mucilage 

leum cxl.austivdy extracted with petro. 

imTurides TheTesWue is tl^J^i o lo”" c»l<Hiu„g mattriH ami'oihm 

250^ foi24 hours The hwiU: add at 

filtered through glass^iol!^ ThrfiuAtc was ^ 

alcohol, the product agitated when *^51 >“utcd with stri excess of alisitltne 

proauci agitated when a sticky mass was ohtained (yield 'J'fic 
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The ri1t3?w?! was dissolved by boiling m 5% acetic acid solution and altered, 
when ^ ^ M absolute alcohol and the mixture stirred as before 

when the mucilage was precipitated out. It was dried and successively rchuxed 

iind absolute alcohol to remove 

all other organic un p intles. Finally, it was dried in vacuum. 

mucilage was found to be a neutral polysaccharide and did not posse.ss 

wlUt?'nh?^h!l?hf complet i incineration in a muille furnace, i/lcft a 

wluit ash (yield 1 /%). The lutrogen content was iound to be 0*6'^ . 

r,n,Ar.i obtained US a white 

powdci by 1 raenkcl and Jelhueck s procedure^. The purified mucilaue was non 

;:mo [«Jb^“ + 20«-0 (c, 2 | in water;. It gale postvr^e^t^r gSac^; 

pentosan and methyl pentosan and negative tests for ketoses and uronic acid. 
Pentoses and methyl pentoses were estimated by A. O. A. G. methods while ealac- 
estimated by hydrolysing the mucilage and preparing galactose «-mcthyl 
nf ihll Woods method^. The quantitative estimation 

dLiniof.?,? presence of 71-5,12-4 and 8-0% of anhydrogalactan, anhy* 

1?.^ 1 ! ^ respectively. The mol. wt. of the pure mucilage 

was found to be 124 ) (cryoscopicaliy). The viscosity of the gclatinoL solution 5f 
the muci age was determined at pll 3-(), 4-0, 4 - 5 , fi-o, 5T) and Gd) by OstwakiVis- 

nectiveW Tl 2''1> ^'O., 2-8, ihO, 3 8 and 3-G Liitiiioisc rcs- 

oJld at nt/r r, '"f .»rereascd with rising pll and the maximum value was 
uotta at pli j 0 . On ageing the solution, the viscosity decreased rapidly. 

Hydrolysis of mueikgo with 10% sulphuric acid 

100 „ Fao/' wa.s completely hydrolysed by heating with 
100 c.c. of 10% HaSO,i on a water bath. The hydroly.sis was followed polarimetri- 
caUy as wcl as by dctermuiing the reducing power of the hydrolysate from time 
complete in G hour.s. The hydrolysate was neutralised with 
liaOUj and concentrated to a syrup under reduced pressure. This solution on 
chromatogi*iphic ex.imination® was found to contain tliree sugars. The syrup on 
extracHon with dry methyl alcohol left a residue which was subsequently identified 
as galactose. I he residue on crystallisation gave pure crystalline D-galactose, 
m, p. 164 ,[«lp + fiO *0 (c, 2% in water). There was no depression of m. p. 
wlicn mixed with aw iiuthcntic spechnen oi J5*"“galact08C. The methyl alcohol 
extract on concentration deposited white crystals' of L—arabinose, which were 
subsequently crystallised twice from dry methyl alcohol, m. p. and mixed m. p. 
with an authentic specimen, 158 "- 0 , 105'’-0 (c, 2% in water). Its phenyl 

hydrazonc, prepared as usual, melted at 201^. The mother liquer left after 
separating L—arabinose gave positive Rosenthalcr’s test and the R/ value was 
identical with that of rhamnose. 

Mild hydrolysis of the mucilage with 10% under the condtitons 

stated by Whitc'^ so as to hydrolyse the pentoses in furanosc form only iailed to 
effect the complete rapture of arabinosc from the mucilage. This indicates that 
at least some part of arabinosc must be present in the pyranose forim 

Pfepatution of 7nethylated mucilago 

sulnhatVrTGT* Kr 26'^ by adding dimethyl 

tr-uinff «nirH: ‘ ' ^0 C‘''Ch time during 8 houivs and concen- 

^ icitiovc NajjSO.j;.. I he product was dissolved in aceton^i 
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and rc-mcthylated three times by the above procwltirr. 

product was then dissolved in chloroform, washed with (NsiOl innd iui illy 

dried over fused NajSOi. The extract on iT.innval ol solvn.l Irli a ir-odm- 
(yield 4-5 g. ; OMc 32%). The product was linally ajpun itirthyl.itni i .vo r hy 
Purdie’s reagent® when a methylated product |lOMe. HH%, ‘ -• 1 1 < r, 

CHCI3)}] was obtained. Further treatment with Purdie.’.s teaK«-til did nt.i m.'tr.isn 
the methoxy content (yield 4 g.) 

IhdrohHs of methylakd mndhtf/ 


I'O g. of the methylated mucilage was heated vvifh (iO e. r. i>i / !I(U - 
methyl alcohol mixture in a sealed tube for (i houi.s at lit ", li w.e. dthued 
with 60 c. c. of N. HCI and again heated at IKi" for 15 hmus. Thr hydioly .ate was 

treated with silver carbonate, filtered and the iiltnite treauul with lijH to truiow. 

silver ions and again filtered. The filtrate was concentrated to a syiup under 
reduced pressure and indicated the presence of two sugar.H on chromatoipapliic 
examination. The two sugar fractions were .separated oti a c,elh»io!.r radtimn 
80x4 cm. using benzene-ethyl alcohol-water (11: 3 : l,v/v) as the elnating 
mixture. The two fractions were collected and were found to he *’2 and 
respectively of the syrup. 

IndmtifKation of 2 : 3:4:6 Ulro-O-nwthyl P-yjtkeitm 


The syrup was found to have 46% methoxy content and optical i .u.uton 
[«]d®® -k 60“’0 (c, 2% in ethyl alcohol), On chromalographto eji.uoin.titon 
and comparison against authentic specimen in c-otitrol chromaiogtants. the sttgar 
was indentified as 2 : 3 : 4 : G tetra-O-methyl D-galuctosc (t :(,4la„t ir.jnires 
OMe, 52T% ; optical rotation [«]j 5 *'^+ (c, ethyl sikohol)*. It w.oi tuithrr 

confirmed by preparing its anilide, m. p. and mixed in. p. I'H". ( Fotiml : < h\te. 
39'4%. Calc, for CigHjjOg. N: OMe, 39*1)%), 'I’he otlter ttugar liiU tion con- 
stituting 8% of the syrup could not be examisted m it was insuflicietu. 

The low mol. wt. (1240) of the mucilage miggcits that the metliyl pentt.se 
present may not be the constituent of the polysaccharide moletnde. -phe, 
relatively larger proportion of galactose molecule and its derivatives fiuggests 
mat the mucilage contains a highly branched chain with 1:2 aiw! l;:5 Jinkave*. 
i he optical rotations of the mudlagc and its methylated pr«d«u;l suggest 


INVESTIGATIONS ON OOLOIJRING MATtTdt 
ExlracHon of tolourinji matter 

1 } and powdered flowers of Clilurk marina linn, vvetc exhaus- 

a ^ all glass soxhlet for Ih hour.*!, 1‘he punlnct 

Mhltfnr ^ hot and the filtrate cooled and kept at lO® for lO hours when no solid 

reZceH nrA=f »«“*«*■ 

bv constituents of the syrupy ma.w were removed 

acidified with dil product agitated and filtered. The tdnaie was 

.water a ppt. was formed. The ppt. was washeil with 

produerwat ^ hours. The iTiictton 

vaccum desiccator r«‘dne was dried inn 

d the filtrate containing acetone soluble substance collected, 
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Examination of acetone soluble portion 

The residue obtained on distilling off the acetone filtrate was purified by 
dissolving the crude product in ether and by mixing the ether extract with excess 
of benzene, when a ppt* was obtained. It was filtered, washed with benzene, dried 
and recrystallised from acetone. The substance was separated into two fractions on 
a cellulose column using methyl alcohol and water (7:2, v/v) and ethyl acetate and 
ethyl alcohol ( 8 : 2 , v/v) as the successive eluating mixtures. The first fraction con- 
tained 90 % and the second 10% of the colouring matter, the latter being insuffi- 
cient for futher work. The first fraction contained G, 65*92 ; H, 6*95%; M, W, 
660 ; OMe, 9 * 5 %, Calc, for CAOn : 0, 66*18 ; H, 7*03%; U. W. ‘654 ; 2 OMe 
9 * 5 %, 

Charaekristics of the colouring matter 

The colouring matter was soluble in alcohol, acetone, ethyl acetate and ether 
and insoluble in petroleum ether, benzene and chloroform. It gave a bluish voilet 
colour with ferric chloride in alcohol, a pink colour with NaOH changing to yellow 
on addition of diL HCl and a red colour with cone, HaSO^. Free carboxyl 
groups were found to be absent. It reduced Fehling’s solution. On hydrolysis 
and subsequent neutralisation, the filtrate continued to reduce while the residue 
did not reduce the Fehling’s solution, indicating thereby that the colouring matter 
was glucosklic in nature. It also decolourised alkaline KMnO^ solution and bro- 
mine water. 


Hydrolysis of the colouring matter 

1 g. of the colouring matter was refluxed with 50 c. c. of 10% HGl for 6 hours. 
The reaction product was filtered and the filtrate kept for sugar analysis. The in- 
soluble aglyconc residue was washed with water, dissolved in absolute alcohol and 
crystallised. 


Examination of sugar component 

The filtrate obtained on hydrolysis of the colouring matter was neutralised 
with diL NaOH and concentrated to a syrup under reduced pressure. It was 
then extracted with methyl alcohol, shaken and filtered. The residue was dissolved 
in water and the solution on chromatographic examination showed the presence of 
glucose. 


Examination of aglyconc residue 

The aglyconc residue was analysed. Found : C, 73*06 ; H, 7*25 ; OMe, 12*2%; 
M, W. 500. Calc, for Gq^^Oo : G, 73*17 ; H, 7-32 ; 2 OMe, 12*6%; M. .W* 492. 
The tri-acetyl derivative of the substance was prepared in the usual manner. 
Found : OAc, 20*8%; M. W. 620, Calc, for : 3 OAc, 20*88%; M. W, 618. 

Examination of acetone insoluble portion 

The acetone insoluble portion of the colouring matter was separated into two 
fractions by column chromatography using alcohol-benzcnc-watcr (2:7:1, v/v), 
benzene-ether (1:1) and absolute alcohol as the successive eluating mixtures. The 
quantities of these two fractions obtained from the first two solvents were insufficient 
for further work. 
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ON THE BOUNDEDNESS Ot SOLUTIONS OF NON-LlNEAfe. 
differential SYSTEMS 

By 

V. LA.KSHMIKANTH 

Osmanta University^ Hyderabad 

[Received on March 4, 1960] 

This is a continuation of the author’s work^’^ in this held. In this 
note some results for the boundedness of solutions of non-linear differential systems 
are derived under a set of more liberal conditions. Our discussion depends on the 
following simple lemma proved in.^ It will be stated here in a different form 

so as CO suit our purpose. 

1. Lemma : Let the function jf(a’) be continuous on ^ <Cco and satisfy 
the Hicquahty ^ ^ 

{x) < h{K,y (x)) (1) 

where the function /i(«, r) is continuous in the domain <w<oo, r>o. Then 

j(.r) < r (a-) for a-o<a<oo . (2) 

where r{x) is the maximal solution of r' = /i (x/), r(A'o)=.j) (x„). 

(2). Let j» and /( A", _)i ) be vectors with real components 
and (/i (a, /„ (a, j(/)) respectively. Define A.ji> = AiVi4.A»Va+ ’ 

+ V/r Consider the system * ‘ * 

j»’«/ ( a,j)) ), y(.x„)=‘y„ * (3) 

The” '' continuous on <co . | I<=o , and j., is a vector. 

and thaT ^ S'^Ppese that the function h{x, f)'^0 is continuous on x^^ x <co, r^O 

y-f(.x,y) < -Kxyy) ( 4 ) 

Then each component of every solution y{x) of (3) tends to a finite limit as 


An additional restriction gives the following : 

m 

Theorem 2. Suppose that the conditions of theoram 1 hold. 



Prooq)f theorem 1. Let X^) be the solution of (3). f(x)^y{x) '^(x\ Theft 

ttlolk)wsthatr’(A)=2XA).f(A.XA;)). y\^hyyyh 

lienee using the condition (4), we obtain 

r'{x) <-2A {xy (a)). 


( 5 ) 



It is ctot from (S) All the lUs'alsrsren ltoTr{j) teiu l.i.Hr*iiLil 

Thr trove theorem 2, we have to procecil from (S). Usu.« ihr leioow -'l.m ■! 

ah,v.we"8««f'»“(^>«“‘ 

r{x) <m(*) for a;^< a* <co , v ) 

is the maximal solution of r’«-2A (.v,r). mW K\j)* 
mother with the assumptions of the theorem yield the stiitcil if wilt. 

lSXS.t) “ 

2' = gM, ^ 

where £(a,«) is continuous on the region Ao<a<oo , \z\ <« . '1'S‘<*h we **>'* 
following comparison 

Theorems. Suppose that the function /t(A.f)>C) is continuous on ®, 

r^O and that the functions f{xj) and g(A,«) satisly the condition 

{y<)-(Kxj)-s{>‘>^)) 

Then each component of every solution oi (3) and (?) tenda tu u imitr limit 
as A->« • . I , , 

If further the maximal solution r(A) of r’sj "2/i («,*•), K;h,) .ly'Jt. ’*'*♦■* 

as , then each component of every solution ^ (.v) ot ( 5) irutiM io lhr 
same fimte limit, as that of the corresponding component «( every solulnm ■i.(A) *4 
(7), as . 

Corollary: If £(a,«)= 0, the above result reduces to thcorciM 1 and 2 and hence it 
is more general. 

The proof of theorem (3) is similar to that of theotfins I and 2; hence 
omitted. 
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ABSTRACT 

It is possible to titrate acids with sodium hydroxide accurately using a bright platinum elect 
co^bubbling of hydrogen or addition oi quinhydrone being necessary. In the same way the quantitative 

Zn++, Cu++, Fe+++, Pb++, Cr+++, Go++ 

and perhaps some other metal ions with NaOH can be followed. In these titrations the 
probably works as an oxygen electrode, sysicm 

Oa+2e Q- O H+ # OIT. 

Hence it works indirectly as a hydrogen electrode. Complex formation between ferric ions and fluoriflr 
acetate, propionate, tartrate or citrate ions as well as bromination of phenols and aromatic amines can 
be followcil equally successfully. In these cases the electrode may work as a redox indicator its function 
as an oxygen electrode having been suppressed. Ihe electrode may also fie used for pH meas-Tcrnrots 
in the range 3~9 with moderate accuracy. Its behavmur under dillercnt treatments has been "bricflv 
discussed. ' ‘ ^ 

INTRODUCTORY 

The bright platmum electrode is commonly used as a redox indicator. Thus 
it can be used for following the equilibrium of quinhydrone with hydrogen ions or 
that of ferric ions with ferrous ions. If a trace of ferrous ions is introduced into a 
ferric chloride solution, theoretically it should be possible to titrate the ferric ions 
with a wide variety of reagents e.g. NaOH or NaF, since ferric ions will be conti*- 
nuously removed changing the ferric/ferrous ratio. So also, if the platinum has 
previously come in contact with a flame a possibility exists that it may have 
adsorbed a trace of hydrogen formed in the thermal decompositions, and held the 
gas sulficiently tenaciously to act as a hydrogen electrode. It may then be possible 
to titrate a mineral acid, for example, with an alkali without platinizing or bubbling 
hydrogen. 

Prehminary experiments showed that both these latter titrations (ferric 
chloride or mineral acids with NaOH) can be successfully carried out. In the 
titration of ferric chloride with NaOH not only is the ferric/ferrous ratio changing 
but also the concentration of ions. It is therefore not quite clear whether the 
bright platmum in this titration is functioning as a hydrogen electrode or simply 
as an inert electrode capable of following the ferric/ferrous ratio. Obviously, 
potentials corresponding to both must be set up, but one of them perhaps prepon- 
derates over the other in an experimental sense. A theoretical discussion of such 
electrode systems may not be easy, but the existence of steep inflexions in titrations 
at the correct end point clearly indicates that whatever the values of the correspond- 
ing and whatever their ngnificance in some cases at least they are sullicicntly 
steady during a titrations to merit further experimental study. Wc were thus led 
to carry out the titrations described below. Some pH measurexnents were also made 
with encouranging results. 
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j?,XPERIMENTAT, 

A platinum foil electrode one cm_ stiuarc was srlwtcd for jhrsc titrittim.f, 
The foil was cleaned in hot chromic acid, washed, dnrd and P'didad with s 
rounded glass rod. It was then glowed in a wicklrsn lliunr of nirti.yl nr nhy 
alcohol. For this purpose the alcohol was taken ni n small tiorrrl.un lws,n an< 
ignited. Several other organic substances (ether, .ncetonr) %vrie turd, Imt th 
most reproducible behaviour of the (dectrode.H was oliservn with the wnalrohnls 
lOccof the solution to be titrated was taken m a j.eaker nr sm.illhmilr. d., 
electrode fully immersed and the titration earned out: with ihr up|iio}ji uilr .lolutioi 
usually about normal in strength. A saturated calomel was used as the n'herh.tl 
cell and potentials were measured on a simple stretched wire putrntmmetrr with ;r 
accuracy of one millivolt. 



Volume NaOH c.c. 

Fig. 1. Titration of aekl* with NaOH 

The titration graphs (EMF against volume delivered) in many case.s show 
an unexpectedly steep inflexion capable of extrapolation wiilunit the let 
uncertainty. Some of the results are shown in Figs, 1-4. Home lekvam da 
concerning these titrations arc given in Table 1. 
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TABLE 1 

Titrations with bright platinum electrode 


1. 

Mineral Acids and NaOH 



Cell 

Burette, approx, 
strength. 

found, cc. 

expected, cc. 

10 cc N/10 NaOH 

N/1 HNO3 

0-805 

0-805 

10 cc N/ 10 HGl 

N/4 HaOH 

4-00 

3*95 

10 cc N/25 HsjSO* 

N/4 NaOH 

1-80 

1-80 

10 cc N/10 Succinic Acid 

N/1 NaOH 

0-801 

0-805 . 

10 cc N/10 Ac. Acid. 

N/1 NaOH 

0-801 

0-805 

2, Ferric Chloride and Complexing Agents. 


Cell, app. Cone. 

Burette, app. cone. 

found, cc. 

expected, cc. 

10 cc N/10 FeCla 

N/10 Na-acetate 

9-10 

9-10 

10 cc N/10 FeCl-j 

N/10 Na-propionate 

9-20 

9-10 

10 cc N/10 FeCla 

N/10 Na-citratc 

12-60 

12-60 

10 cc N/10 FcCl„ 

N/10 Na-tartratc 

8-20 

8-20 

10 cc N/10 FeCl, 

N/10 Na-fluoride 

6-00 

9-10 

3. 

Precipitation with NaOH 



10 cc -099 N FeCl, 

•979 N NaOH 

1-07 

1-09 

10 cc -099 N FeClg 

•484 N NaOH 

2-05 

2-04 

10 cc -099 N FeCla 

•161 N NaOH 

5-95 

6-10 

10 cc-lOON ZnSOa 

M89NNaOH 

„ 0-80 

0 84 

10«cc ’100 NCuSO* 

1-189 N NaOH 

0-80 

0-84 

10 cc -100 N Pb (N03)2 

•979 N NaOH 

1-04 

1-02 

10 cc -092 N CoGla 

•979 N NaOH 

0-96 

0-93 

lOcc-111 NMnSOj 
(with pinch of MnOg) 

1-189 N NaOH 

0-95 

0-93 

i 

10 cc-111 NMiiSO^ 

(with a drop of KMnO*) 

M89NNaOH 

0-95 

0-93 

10 cc -lOONCdSOa 

1-189 N NaOH 

0-70 

0-84 

4. Bromination of Organic Substances. 


10 cc ’100 M phenol 

1-667 M bromate 

5-90 

6-00 

10 cc ’100 M aniline 

9 % 

6-00 

6-00 

10 cc ’100 M resorcinol 

99 

6-00 

6-00 

10 cc ’100 M p-nitraniline 

99 

390 

4-00 

10 cc *100 M m-phcnylcne 

99 

4-10 

4-00 

diamine 




10 cc ’100 M toluidinc in HCl „ 

4-10 

4-00 

10 cc ’100 M thymol 

99 

2-90 

3-00? 
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The successful acid-alkali titrations as well as prrrii.itatioiiH with NaOH slu.w 
that the bright platinum electrode can act as a hydnigt-u elci tjodr %vith a steady Iv . 
In the titrations of ferric chloride with Complex lomuitg agents, however, the 
electrodes must be following the ferric/ferrous ratio. It was not net essat y to suhl 
external ferrous ions. It seem.s that enouglt iernnts iouh are always present 
solutions of ferric salts for a successlul titratmn. I he, se ferrous mns may perhaps 
be produced by photochemical reductiou or redue.tnm hy irares of oigattie subs- 
tances invariably present. 



volume oomplexmg agent c.e. 

Fig. 2. Titration of FeCl^ with compkxing agent* 

successful titration of phenols and amines with hromitte m curious, 
ihe bromo-compounds formed arc all insoluble. The electrode potruiiiil 5 it any 
‘=°’'>^esponds to equilibrium of the type, C«HgOH I aiJr* . ■ CJ laHr,,()I I 
15 CgHjBraOH/CgHgOH. and to that extent the wurklng of the 

electrode quinhydrone electrode, ».«•, st redox 

It will be noted that some results recorded in the above Table are mtomalous 
and require re-examination, e g., the titrations of GdSO« and thymol, Suhsequeutly, 
rh WM V prepared containing a salt and an acid «.g., ferric 

with Tim obtained for each m titration 

infll- GuSO* was titrated with a more dilute NaOH (N/lO) st .<teep 

inff ^ basic salt appeared before the final inflexion correspotMl- 

chloride o;;5r'c, aT ^ indication in the case of MgHO.. 1- erric 

Chloride pr zinc sulphate d^d ppt ^show any such behaviour, ^ * 
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DISCUSSION 


It is quite clear therefore that the function of the bright platinum depends 
upon the prevailling conditions in the solution. It may function as a simple redox 
indicator or a hydrogen electrode directly or indirectly. In this connection it is 
necessary to point out some cases in which a titration failed completely, namely, 
those of FeS(\, NiS 04 , BaCl^ and MnSO.|. in absence of MnO^j or KMnO^. Among 
these the last case is comparatively easy to understand. In the absence of MnO^ or 
KMnO.j, the platinum can function only as a hydrogen electrode (see below) but 
the presence of manganous ions makes this function impossible due to some reason 
or other. In fact the titration graphs show a large drop of potential with the first 
few drops of NaOH added. Such a behaviour is to be expected if a trace of Mn*"***** 
ions, for example, is present in the solution. The first few drops of NaOH will 
remove manganic ions completely, producting at the same time a large drop in 
potential. The subsequent changes in potential on continuing the titration are too 
meagre to be useful for detecting the end point. 



Since we did get good graphs in the titration of acids with alkalis, we felt that 
it might be worih-wMlc Uo measure the pH of some buffers with this electrode 
alter calibrating it empirically with a known solution like a glass electrode* 
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Fig. 4. Titration of organic substances with bronwtr.'ln'MiHiii *^ 
mixture. 

The theoretical situation regarding the functioning of » platimm* e!et;in«dft 
as a hydrogen electrode in absence of bubbled hydrogat is not quite rlenr. Iti fact, 
it is customary to think of the electrode in this conditioti, nit* or ttxygen being frcrly 
accessible, as an oxygen electrode or an ‘air electrode*.* Of Ctnirsc un oxygett clet> 
trode must indirectly function as a hydrogen electrode. But opiniotw iqipeitr to 
differ regarding details. Hoar® considers that the reaction at the ekctnale is 

Oa + 2HaO + 4e 401 r • 

Glasstone® writes the reaction more directy, 

Oj + 4e 20“ 

RT D 

so that — Eoa 4 ^ ^** p corresponding to the cell 

Pt,Oa(p,) |0“" I Oa(pa).Pt. 

For an oxygen concentration cell, Pt, Oj 1 0"“ (c^) || 0“‘ f (,)„ Pi ; the 
EMFwiU of course be given by In 3. On the other hand. Kollhoff and 
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Laitinen (loc. cit, p. 96) write the reaction Og + 2c 5:^; O'". 

orr, Tlicn, (O"") - K1 

^ (H+) (H<) (H+) (H+)« 


Now l\,j -r 


RT 

""iV 


In 

(O- -) 


K" a -t- U In = Const, + *059 log (H+). 


But O" + H+ 


If this mechanism is correct then the oxygen (or air) electrode should change 
its potential in the same manner with pH as a hydrogen electrode, and merely by 
determining this slope a decision cannot be made as to whether the electrode con 
corned is Pt | Ha, H+ or Pt | Oa,H+. To see how far the pH of a solution can be" 
successfully^ measured with a bright platinum electrode, we prepared a series of 
buffer solutions. The electrode after due preparation was dipped in these solutions 
tlie cell completed with a saturated calomtd at the other end and the resulting EMF 
rnejisured. Since the E ,’s of these electrodes are uncertain, the pH was calculated 
as follows. If El, Bj, are the concentrations corresponding to hydrogen ion concen- 
trations pi Ii, pHa rr.spcctivedy, 

KT 

Ea —Ej, 2*303 (pHi --pna). Knowing any one pH therefore the 
values for all other .solutions may be calculated. We adopted a buffer of pH = 
3*89 as the reference solution and calculated tlie pH of other mixtures with the 
following results. 

TAM.R 2 


Measurement of pH with a bright platinum electrode. 


pH actual 

pH found 

pH actual 

pH found 

0*65 

2*25 

3*98 

3*96 ' 

1*09 

2*34 

4*00 

4*20 

1*42 

2*36 

5*20 

5*50 

1*99 

2*39 

7*00 

7*16 

3*09 

2*92 

8*90 

8*83 

3*89 

3*89 




These measurements show that the pH of a buffer mixture may be estimated 
with tolerable accuracy in the range 3—9. Stable potentials are set up in 15 mins. 
Below pH 3 the electrode appears to be poorly sensitive to pH, changes and stable 
potentials are set up only after a long time, The results further show that the 

EMF— pH slope is given by 2*303 -p- in the range specified, indicating that cither 

the electrode functions directly as a hydrogen electrode or indirectly as such in 
accordance wifh the mechanism suggested by Kolthoff. It will be noted that the 
above formula is used with a glass electrode and eliminates the asymmetry error in 
Eq. The experimental neatness in the present method is obvious and deserves 
further investigations with a view to improve the accuracy. 

The electrode for these pH measurements was prepared liy cleaning with hot 
chromic acid, washing and drying and finally glowing in a fiatne of methyl alcohol. 
The cleaning with chromic acid was necessary. In some other experiments the 
electrode was cleaned in cone, sulphuric or nitric acids, wa.shed and used for tlic 
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ineasutetnent with poor results. Once the electrcKln had heeji cIran«U«i cltruink; 

acid an ethyl alcohol or acetone flame c^uld be ii.s«l iiislrad ol n mr( lyl alfuh,,! 

flame without change in the results. In one intereHtiug rsprnnirni a tlun l,»y<-r (»1 
zinc was electrolytically deposited which was then wa-shed and nsrd ior dtr mrasun- 
ment It was found that the platinum electrode which ui nnmiaUy {..rtiin r m 
combination had become the negative end, and the line gr read i^kk slti.wrd a drib 
even after a long time. I he normal working was n;.H|(trrd when ibr /iih- laid brrn 
dissolved away in sulphuric acid and the electrode gloweil in .i itieibyi ,dt (ilml 
flame. When the electrode was made a cathode in dilnle MVilphuj ie at id woliil iuu so 
that copious hydrogen was generated for a while the. meatunrinruts ogiun fdunvrd 
some variations from the correct values. On the other luind when oxygen wo.h 
bubbled past the electrode for a while it did not pnaluce appieeijiblr dep.uitnv.'i 
from the correct values. These observations perhaps point out that the eketuMlc 
works as an oxygen (air) electrode rather than a hydrogen electrode. 


Some errors indicated in Table I are quite considerable, 2*. . I’nhajw 
they may be caused by slight changes in the standard eleetrode poimf i.ils dm log 
titration. This is emphasized by K.ichards'^ who further point.s out fitmi bis invrstt* 
gations on the Pt/Oa electrode that we are 'forced to pklurr the itirosmrd ptti.n» 
tials as a compromise between a low oxidation potenlhils atul the o»iy p,oii.dly 
attained 0a-0~ potential’. However, from the work descrihed ubovr iwii othns m 
progress we are inclined to believe that by proper treatment of the plitiimmi .uul 
attention to other details electrode potentials stalile enouglt for at foiair mciisme. 
ments may be secured, 
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AtTERBERG'S consistency LiMifs 

Part I.-Relation between Plasticity-Index and Surface Area of Punjab Soli^ 
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Atterberg ^ was among the first to study the changes in the cohesive 
properties of soi s as a function of moisture. The different consistencies were con- 
densed to the following three essential forms ; 

(a) Upper Plastic Limit or (Liquid Limit) is that moisture content at which 
the soil will barely flow under an applied force. 

{b') Lower Plastic Limit or (Plastic Limit) is that moisture content at which 
the soil can be rolled into a thread 0T25 inches in diameter without 
breaking. 

(e) or (Pk^^ is the difference between the 

liquid and plastic limits. 

Reeve had reported rclatiomship between cation exchange capacity and 
specific area and the modulus of rupture of soils. The field capacity, moisture 

to'‘iH^d'itetrU) tlw \urf me f’ . were feund by Mortland<> 

to bt itutcd to tlu. suUiitc. aiui ol soils. il^^M^hysicul and clicmical Dronertie^s 

of any substance arc, tlierdore largely dependent upon the amount of particle 
surface exposed, Kdley and oliscrved that grinding increased the cation 

e«har,gecapac.lyol.ky,tec»mcof„,p„,u„„f Uo„ ,Sd “ 

accompanying increase m surface area. * * 

It is well known that montmorillonite has the highest base exchange capacity 
and surface area. Base exchange is much lower for Illite than for raontrLrillonite. 
The kaolinc minerals with fixed crystal lattices, exhibit only sliglit hydration and 
adsorptive properties. Base-exchange or cation absorption and surface area Ire 

therefore, very low ior such type ol soils. 

The Atterberg constants arc widely used in high way construction The use 
of Atterberg constants is discussed in detail by Hogentogler and Snander “ 
The Airfield classification adopted by the United States Army in 1942 also nkce's 

considerable stress on the plastic limits and plasticity index. ^ 

Very little woik has so iar been carried out on the relationship between surface 
area and other characteristics ot soils. The present paper deals with the relation 

between the surface area and plasUcity index of Punjab soils. This index is being 
largely used for the classification of soils. ® 


EXPERIMENTAL 

(i) Seventy two soil samples taken from the different districts of the Punjab 
were selected for this investigation. •' 

(m) The Atterberg consistancy limits were determined by A.S.T.M. method.'* 

(Hi) Surface area was calculated by Orchiston’s semi-empirical formula.’ 

S _ IS'OGx 

6‘337-log log p'jpT’ 

pressure amount of water adsorbed for 100 grams of dry soil at relative 
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blSCUSSION OF RKSW/t'S 

tig; I indicated a very close relationship lirtweea t!ie surliicf* aifa and plij*, 
ticity index of soils. 



, correlation coefficient between pliwticitv index and «ni u-r , . . a 

.0 b. 0-9958, Which wa. highly ,ig„iBo„hi!’ The ‘t: ^ 

Y-4-336 + I-6e » 

Whm « for pteicUy Mo* aad J ,,a„d. i;,r 





tenninetl values 
agreement was 
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It is well known that the physical properties of the clay depend to a large 
extent on the type of clay minerals that dominates the colloidal fraction. Therefore, 
knowing the surface area of soils of similar geological origin, one can easily guess the 
different physical properties, i.e., plasticity index, base exchange etc. etc. From 
the above discussion it follows that in such regions where soils are of similar geologi- 
cal origin, the grain size characteristics (Surface area) can be used as a basis for 
judging the significant properties of the soils. Ihc importance of this feature in soil 
mechanics can hardly be over estimated. 

The Airfield classification adopted by the United States Army in 1942 places 
considerable stress on the plastic limits and plasticity index. The intimate relation 
obtained between the plasticity index and surface area of Punjab Soils affords us a 
new tool for judging the behaviour of soils in engineering. Thus knowing the 
specific surface of soils, the other constants can be determined. But these relation- 
ships are regional and need to be determined for other regions. 

SUMMARY 

(i) Seventy-two representative Punjab Soils were analysed for the following 
characteristics. 

(a) Atterberg’s consistency Limits. 

(b) Surface area. 

(ii) Statistical con-elation was investigated between the plasticity index and 
surface area of soils. The correlation coefficient was-| 0-9958^; and 
highly significant. 

(jii) The intimate relationship between plasticity index and specific surface 
affords a new tool for assessing the engineering properties of soils. 

(tv) The above relationship is regional and needs to be investigated for soils 
of different geological formations in order to determine the limits of 
variations in different types of soils, 
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liy 

C, L. DHAWAN, PURSHOTAM SINGH, JAGIU SINGH mt MANGA' ;4NGH 
Irrigation and Powir Research InstUute, Punjah, Amnlsur. 

[Received on September 3, lyb'J) 

A dry soil evolves heat when placed in contact with water. Tins liral Jn termed 
heat of wetting. Rodewald^® recommended the following equation for represent- 
ing the heat of wetting of the substances. 

aF= E(r+i) .. (1) 

Where 

a => Work of adhesion per unit surface. 

F = Total surface of the wetting sulnsttmce. 

E = Mechanical equivalent of heat. 

^ ’ Heat equivalent to the work releiiHcd by iiilbcsu*n water on the 
surface. 

t =• Heat equivalent to the work needed to deerwise cobf.'iitin twiwrru the 
particles. 

Ratz (ti) suggested the following equation ; 


W = 

Where 


A ^ 

1 +; 


(«) 


W Heat produced when one gram r»f the dry sweiring .‘iubatance adsnrlips 
one gram of water and A and B are cotistjuits, 

soils employed as an index of the colUndal act ivity of 

a non-rcactitriLirfS'^/ l»*.tween heat of wetting of a solid in 

uon reactive liquid and its particle size or surface area. 

During the last twenty years, many method.s based on thr adsornfion of uaws 
r water ttdstuptimt * 

mechanical analysis have I>een propose, 1^ M.otlami*^ 
proposed the following equation for the determination of specilic snrbutr of .soib. 


Where 


Y = '0-’373a:+5-5 

X = Specific surface in sq. tneters/gram. 

Y « Clay percentage’. 


of ehtface area of Sbils!^**^'^*^ content of soils cannot be tlie sole criterion 
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The heat of wetting of soils can be a true index for characterising the physico- 

Chemical properties of soils. ^ Mortland (loc-cit) found an intimate relationship 
between the ba.se exchange and the surface area of soils, Janert ^ laid great 
stress on the heat of wetting for judging the physical properties oi soib* 

This investigation is concerned with the relationship between the heat of 
wetting and surface area of soils. The Chief merit of such a method would be that 
only one experimental value would be required for the determination of specific 
surface of soils. 

The heat of wetting of soils can be easily determined in a non-reactive, non- 
dissolving liquid in a wide mouth Dewar flask of about to 2*0 pints capacityj 
fitted with a Beckman thermometer, 

EXPERIMENTAL 

The values of heat of wetting and surface area of soils have been taken from 
the paper of Benjamin Makower, Shaw and Alexander,^ 

DISCUSSION OF RESULTS 

Fig. I represents the relation between the heat of wetting and specific surface 
of soils. The correlation co-efficient was -1-0*9945, which was highly significant# 
The regression equation was ; 



Y « 37*82^ + 0*80 


( 4 ) 


where 


X « Heat of wetting in calories/gram 
Y = Specific-surface in Sq. meters/gram. 
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Table I compares the values of heat of wetting deiem>iiir<l eKj«» imentally 
and those calculated from the equation No. (4). 

TAHLR I 


Comparison between the Experimental and the. Calculated nalues irf surface 
areas from Imi oftmUinp of soils. 




Surface area in sq 



, No. 

Heat of wetting 
in Cal/Gm. 

Experimental 
from nitrogen 
adsorption 
--183°C 

tlab-ul.ited 

IVotn rciiiatlon 

No. 4 

DillVrence ; 

1 

0-29 

H-2 

n-7? 

.f- 5-09 

2 

0-36 

14-2 

14*42 

4.1-55 

3 

0-41 

14*6 


4- U-fi4 

4 

0-43 

18-.8 

n-nii 

— ti-7l 

5 

0-50 

19*1 

19-71 

i 8' 19 

6 

0-52 

18*7 

2(1- 4 7 

•4 9-48 

7 

- 0-61 

24-0 

2;!-ft7 

«-i('f»4 

8 

0-77 

29*6 

oy.qo 

1 l-Oil 

9 

0-82 

31-9 

iti'iii 

— 0-28 

10 

0-98 

34*U 

:i7-!ib 

4 8-48 

11 

b06 

44-4 

4(I-8!1 

.-7-‘«) 

12 

1-26 

52-2 

48-45 

■•*”7' 18 

13 

1-28 

51-4 

49-20 

■—4-28 

14 

1-76 

68-2 

(i7-:!(. 


15 

1-81 

7M 

69'2ft 

— 2-(>0 

16 

1-82 

68*9 

tio-f.r, 

I 1-09 

17 

1-94 

75*7 

74-17 

—2-02 

18 

1-98 

72-3 

75-()B 

4 4-6? 

mtrm ** | el* 

19 

2-04 

82*0 

77’9rj 

20 

2-12 

74-1 

tlO-98 

49-28 


^ glance at the above table shows that there is a very ekise agrrenient t)etwrc« 
experimental and the values calculated from equation No. (4). 

y - 37-82 jc+0-80 
= 37-82 


caloriJ^n^R'^^^i of change is constant i. «, with an increase <>f one 

sq. meters/gram of heat of wetting, the value of surface area increases f>y 37*J}2 


rpi 

from one^skele°^’i “ capable for the evaluation of surface area of soils 

the laboratoty of the heat of wetting, which can be dcterinincd easily in 


The 1 * 

determined^forThe^-^ff wetting and surface area of soils ncerl to be 

the limits of variationof the 7^ovc cqu^t’^*^ countries in order to find out 
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SUMMARY 

(») A very close relationship was obtained between the heat of wetting anti 
surface area of soils. The equation of the curve was found to be 

Y. -= 37-82 «+0-80 


where 


X« Heat of wetting in calories/gram. 

Y=Specific surface in sq. meters/gram. 

Therefore the surface area of soils can be evaluated from one single value of 
the heat of wetting of soils. 

(ii) The above relationship between heat of wetting and specific surface of 
soils should be verified for diS^erent types of soils in various countries for the 
determination of limits of variation of the above equation before adopting it for the 
estimation of surface area of soils. 
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introduction 


At present it is believed that the ultimate observed stage of stellir evnltif ion 
is that of a white dwarf. Under certain circumstances a gas cloud of inter sielbir 
material contracts to form a proto star and finally a main sequence star. Emm the 
observations it is seen that at the main sequence stage st.arH can haw massrs of the, 
order of fifty times the solar mass. Theoretically it is also proved tlwt no star r.m 
reach the white dwarf stage with mass greater than of the order of 1*9 times 
the solar mass. Combining both these facts it can lie. safely concluded that iu the 
course of evolution the stars spit out and feed b:u;k>to the interstrUar spat e quite 
an appreciable fraction of their masses. 

Observationally also it is found that in several categories of stars in thr outer 
layers unstable conditions do exist. In this conueciiou following rl.si*ir:i may 
be mentioned, Novae, P- cygni stars. Wolf Rayet stars, Phuielary urimlae, t Irpheid-i, 
j3- Gepheids, flare and flash stars, Explosive dwiirfs and several others, It may 
be noted in general that in some stars it is observed that the m.iirri.d umve.s 
away from the star, it is retarded and finally it falls back to the stars (/I tlmis 
majoris stars and 48 Librae). In other cases only outward motion of the 
material is observed without any sign of falling iu. In a muutier ol casrs llm 
actual details of the motion of the material arc not oliscrved, 


The actual cause and the machanism leading to the cause for thr v.uious 
variations m the different kinds of stars mentioned iilmvc are not known, ‘Ehr 
present knowledge is not sufficient even to say definitely whether or not the same 
machanism IS responsible for all these observed unstalih; processes. In other words 
we do not actually know the details of the process by which a star g'-ts rid i>! 
substantial portion of its mass during its evolution. 


In the following cases observations do seem to suggest violriit inoiion*i in the 

outer layers of the stars. Beals (1951) has shown that lur most favouralilr ciienins- 

atomreceiw a 

WrQ^W reaching the 

fcsSvf 194?7T"r phenomenon of doulding of lines m 1/ 

(S^ford 1952'! sueffeltf majoris stars (Odger 19.5.5) and W« Vlrgiub .stars 

SroLffie SeLTn oK from the atmosphere before the 

ps offfie .Receding outburst has fallen completly back and disappeared. 

difeoSuftv frikmg feature of the radial velocity curves is their 

discontinuity. These curves show a jump from highest positive veloffiiy to a ‘•«amS 
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still** and from “stand still*' to the large negative velocity, 'fhere afe s6iii6 
irregular motions observed for about fifteen or twenty minutes just at the start of 
the Targe velocity of approach before a smooth decelerated motion begins. Double 
lines are observed in the begining and the end of the “stand still”. There appear 
to be some minor disturbances even at the begining of the “stand still”. 

l'*rom these observations it is quite clear that the radial velocity is not smooth 
but discontinuous. Due to some disturbances below the photosphere the material 
is thrown off outwards. This materi.il falls back under gravity in some cases 
but there are other cases of some shell stars where this falling back is not observed 
at any time. From the studies of the stellar atmospheres it is found that the 
material density in these outer layers is very small or rather the gradient of 
density is large. Due to this fact any dynamical disturbance of even small 
amplitude on proceeding outwards from the photospheric regions can develop 
into a wave of large amplitude and ultimately into a wave of discontinuty. 

From the present observations of BW Vulpcculae it is found that velocity of 
ejection, of the material, when corrected for the effects of foreshortening and limb 
darkening, is of the order of 130 km per second. The acoustic velocity in the 
same regions of the stellar atmosphere is given by 


C® = 



( 1 ) 


where C is the sound velocity, y is the effective ratio of the specific heats fof 
the stcllcr material, is the mean molecular weight, T is the temperature k is 
Boltzmann constant and M is the unit of atomic weight. Using the appropriate 
values of these quantities on the right hand side of this equation for a B type star 
near the photosphere this sound velocity is found to be of the order of 23 km per 
.second. When it is compared with the observed material velocity it is quite 
obvious that tlvc motions in these stars are delmitely of super sonic nature and 
consequently these are bound to develop into a wave of discontinuity. Thus these 
motions correspond to the dynamical efiects of a shock wave in a stellar atmosphere. 
In the present note an attempt has Imen made to understand the radial velocity 
variations on this shock wave theory in a very rough approximatipn. 

SHOCK WAVE THEORY 

Most of the sliock wave theory has been developed in connection with the ex- 
plosives. Some experimental observations are also available from shock wave tube 
experiments. Certainly in all these cases the conditions are quite different than 
what they are in the stellar atmospheres. The relevant hydrodynamical equations 
can be obtained from the work of Brinkley and Kirkwood (1947). The following 
is the simplified account for the plane wave motion in the Lagrangian method. 

Let i be the displacement at time / of a particle whose undisturbed position 
is;c. Consider the material between planes at ;ic and + hx at time / » o. At 

time t the same material lies between planes at ^ ^tid -f 5 + (8^ + 


The equation of continuity becomes 

p (i + = po 


( 2 ) 
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Wke)*e is undisturked density and P h tkr density at any m._.iuenl. Considering 
the forces acting on these bounding planes we get the iollovving loi the erjuatjon 
of motion, , 



0P 

'd.v 


(.'n 


If we have a situation such that 1’ is a function of t' only then the above 
equation can be written as 


0^ ^ .. (‘U 

~dt^ \ Pq j dP ' 0^®’" 

. now if a is the particle velocity then we have 



with this the equation (3) becomes 




JiL « ^ 1 0P^ 

0t To 0* 

we can eliminate J between equations (5) and (2) atid get 


/ P \ 0« . 1 0P 

I Po j T& '~W 


S »0 


(b) 


(?) 


Where C is the sound velocity given by (dPjdp). 

of the'?u?d.''^“^*““* equations which hold in tlte body 


If we denote by/, the excess of presurc over P„ the undisturbed vidne we huve 

. X- ■ 

then the above equations (6) and (7) take the form 

0« 1 dp 

‘dt _ gj ■. (y) 


P 


0a 


+ 


¥ 

PC® ■ gr 


( 10 ) 


with the vitiation o^i^with^ica^ 1*%?^ *? ^ small in comparison 

too bad because in these O'" Fobaldy not 
already very small. * tmosphere the matenal pressure is 
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Besides these we also have the following equations relating the physica 
quantities on the two sides of the shock front. 

Conservation of momentum gives 

.. ( 11 ) 

Conservation of mass gives 

/'(U — «) - .. (12) 

Enthalpy considerations lead to 

+ .. 03) 

where U is the velocity of the shock front and H is the specific enthalpy of 
the stellar material. _ A H is the increase in the specific enthalpy as a consequence 
of the material crossing the front. The actual details of the processes taking place 
within the shock front are not known with any certainty whatsoever. We only 
knovv the conditions of matter just before the shock front arrives at a point and 
also just after the passage of the shock. The above three relations are between 
these two situations. Zero suffix here refers to the pre-shock conditions and 
quantities without any suffix refer to post shock conditions. 

Noting that 



0 

'W 




1 

"TJ 


9 

~'di 



9 

9« 


and operating on p using equation (1 1) we get 

+ u — JL, ^ . ,.SL. ss 0 

zt dx Po dx PqXJ di 



where 




« 1 -t”- dj 


(14) 

(15) 


We need one more relation to solve for the four quamtities and -§?- 

9x ’ ’ ax 0i 

This fourth relation is provided by the energy considerations. Consider the 
passage of the shock through a fluid. As it passes it leaves an increase in the 
internal energy corresponding to an increase in entropy as a consequence of passage 
through the shock front. This energy has to come out from the shock and hence 
the shock must decay. In the following this decay of the shock has been taken 
into account in a rough approximation. 

Following Brinkley and Kirkwood (1947) the adiabatic work per unit area (on 
gas external to initial surface) is given by the expression 

X ^ 

Jfo A E {Q} d i, + J u' (P' + )dL (16) 

t^(x) 
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where «' and /are particle velocity and excess pressure bflilnd tl.r slmck front 
t (x) is the instant of the arrival of the shock at x. Ah {p) is the in< ir«ise in spi’cifie 
internal energy of the gas at pressure Pq and for an entropy nicmnent ctirresponding 
to shock pressure is Lagrainian coordinate ot the geiicialing nmhiccof the 
shock waves. 


X 

f p.M'i/f = p,AV d- Po f ( ^/; ■ 

-• 1 j rf 

(i7) 

toi^) 




where p is the final value of the fluid density and _A V is llie volume swrpi out l>y 
the generating surface. This is related to the specllic cnth.ilpy iui rruirut of the 
fluid traversed by the shock wave giving an excess of pressure over thr inili.il 
pressure Pg. Finally the fluid returns to the equilibrium value at tlie same pressure 
Pq along a new adiabatic. Let its specific enthalpy increment he denoted by k (p) 
given by 

AE + P„A ( .. (IB) 

It can be shown that h < AH, the specific enthalpy increment across the front. 
Using equations (17) and (18) the expression (16) reduces to 

0^ X X 

f P' u’ it + Po AV + J fo' h {p (S‘,)} i J hi HO) h P„.\ V (Id) 

<oW "o «« 

because when x co the first term tends to zenn 
Hence subtracting we get 

CO 00 

J .. (2d) 

'oW X ■ 



00 




cquaMoSSTtSchS ff At shock loses Us Jergy 

mrm that this picture is .ctqally over iSe If JS 
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radiations.^^J^cause^on ^^accouS'^of Th”' • energy is lost as the 

absorbed in possible ioni 2 ation o/ the "" lot orenergy is 

Then behind the shock recombination V ^ Passage of the shock. 

Which may be lost t^the sys“^ to the radiations 

in our equations. Here the situation is id^i; not accounted for these losses 

assumed to be transparSt to S 

far from the reality because actuallv tliA f o t ■* assumption may not be very 

treated as a more^S^up^ dSon^^^^^^^ can hi 

to the great rise of temperature across the front ti assumption^ is that due 

tional to the fourth power of the temneratur P’^’^P®*'" 

to equalize the temperatures on both sid« of the f o'^ t"^^ i 
This assumption is certainly not olivsicallv onit ^ f™nt almost instantaneously, 
would not alter the general character o/ onr is hoped that it 

(Odgers and Kushwaha 1959) a situation was In another paper 

across the front takes place in such i wav^h^ o where this transition 

relations between pressure and density IwW inTvf 

on crossir g the front the fluid lands on a ^1 iff .r’ Pp®®nt note it is taken that 

then „„ war* it 

variation hjis been ncgicctod and also the r-iH*i Orinni state, I he temperature 

.ccount, WUh tliese^mitaUmn i;‘“ w -'■> 


We evaluate the integral J p'u' dt as follows : 



• • S (*) — pu <r X 

where 


and 


T = 


tlo.W 


CO 

i 



( 22 ) 


( 23 ) 

( 24 ) 

( 25 ) 
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It may be noted that we require the iu Itial va 
initial slope as — 1. It gives the following relation 


ire the initial value of ^ ’‘ ns unity and its 

>u 


...I ...L {p'u') 

p'u' ^ 


t — ttJji) 


Thus wc have 


S(*) 


J 3^+1 

V' 0i' a 


Thus equations (6, 7, 14, and 27) form the four basic equations. 

In the present note we arc concerned with the actual decay of the sljock as it 
proceeds in space. That is wc wish to Compute the variations of with x, 

We_havc 

.4^- +4,.JA. .. (28) 

d* 8a; ^ U 3f 

Substituting for the partial derivatives on the riglitiu the last equation wc get 

• ~p;tj9 ’ 2(: A + 1)--/ ^ 


where 


fm 1 








Also from equation (21) wc nave 


ix ■ 


-foMKW} 


and integrate the two simultaneous equations (29) 

EaUATIONS OF THE PROBLEM 

zero passagc of the shock be described by the suffix 

•and the sSriTflrrTHt^^^^^^^^ state on just crossing the shock front 

sure reaches the^vaW correspond to the Enal equilibrium state when the pres- 
of the shock s at a noim ’t! Jif undisturbed state. The strength 

pressure ^nd the prcTrVLf^^^^^ 

f tc .»na me pressure betore the passage of the shock. 
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fel.ij.<l th« doci (tc ga, follow. ti,0 ,a„e ajiaUtid. ' 

Hcncc wc have 




1 + s 


For ideal gas we have the relation 
P = (y_l)pE I 
H = E -I- JL. [ 


where H is the specific enthalpy. 

Therefore this total gain in enthalpy is given by 

/ 

But for across the front we also have 

ah ^ 4- M 

2\ l>^ iJ 


Wc can also write 

H ~ H « J" / F 
y-l\ f, 

Equating (37) and (38) we have 


A.). 

f’o / 


where 


2(1+Z)«„J. (l+f-«Z) 




terms of the st?cnSTa8TolbwsT^’^^**^^^ W it 

^ = Co(y2 y + (y +7)^ / y2y ) 
k = l--(y + l),yp{2y + (y+l),|j. 

f = 1 22 + ( y ^ I)r 

2r (1 +7) 

G» = C « iUr [2r-i- (y *- l)^l 

2y + (7" + i)i 

P = J Po 

(0 «: P + l)j 

°2y +'(7~f)j 


L n j 



h(p) 


u « 


' • Pa f (1 + s) 

-iTol(y 


)/' 


i)/+'2y 




2 s 


Jii Vfr~+7"(y+i) 

where G is the velocity of sound. 

Substituting these quantities in the equations (29) and (32) we gr t 

2Y + i (r— 1) n „ 

2y+/(Y+i)^ 


s_ 

dx 


T-1 


(- 12 ) 

(43) 


- y Po 2(y+i) [(fy-^Tr(YTi)i’*+4y 

Let us define ^ and j> by the following equations 

S = R„PoC •• C44) 

X = . (45) 

where R„ is the radial distance of the point where the shock becomes oliservahle 
initially from the centre of the star. The equations (42) and (45) With tlie help *d 
equations (44) and (45) arc reduced to the following ccluations m lertus ot non* 
dimensional variables. 


dv 

dy 


2y +Jy 0^ 

2T+7'y ‘+"l)f 


(l + r) 


1/^ 


d$ _ X 2(y®--l) s* 

) (y q. 1) iS +47 (r>y + 1) r + lb7*l 

where ’? is defined as follows : 


(40) 

(47) 


y±^^y = n. .. (48) 

y 

STARTING VALUES 

To start the integrations of the equations (46) and (47) we have to clnwsc 
the numerical values for the individual cases, Obviously y 5/5 for the iUiuo.s- 
pheres of the hot B stars because in these almost all thc /iyurogcn is ionized. 
To get the other numerical values we have to use the specific observations of a 
particular star. In the the present note the observational data for BW Vuliicculae 
has been used. There is no direct way of determining X. It has to (jc estimated 
from the equation (24). The best estimates so far available from the previous 
work is the value of 2/3. The same value is used in the present work also. 

The initial value of S is obtained from the definition 

S = I* y u' dt. 

«o(*) 

If we take the shock front as transparent then we can assume that whatever 
velocity we observe is the integrated velocity of the material in motion beliind the 
the shock. There is some uncertainty involved in evaluating this integral because 
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the value of*^ is not observed. Only thing we know is that just behind the shock 
the ^ pressure increase is and finally at / = c» the pressure again returns to the 
equilibrium value P^. Hence to calculate this integral some arbitrary average value 
has been used and thus it can be taken out of the integral sign. It is quite obvious 
that in the begining just after the shock the time gradient of pressure is very large 
and finally it becomes very small. From the forms of p,t, curves obtained in the a 
labortory a reasonable average value of p' can be guessed. In the present calculations 
this average value of p" is taken as ten times the equilibrium pressure P . Finally 
this integral is evaluated by integrating the velocity curve of BW Vulpeculae. It 
turns out that the value of ^ is unity at she start. 

The initial value of the strength s is obtained from the observed intitial 
velocity lor the star. The sound velocity is known from the temperature of the 
star. For the present star the Mach - number is about six and the initial value' 
ol the strength 5 is taken as eighty. 

With these starting values the equations (46) and (47) were integrated 
numerically with the help of an electric desk calculator to the point where the 
matcrial_ velocity is reduced to subsonic velocity because then the shock becomes 
observationaily almost inelicctive. I he method used lor numerical integration 
was the same as explained by tliirm and Schwarzschild (1955). It follows the 
lollowing scheme : 

+ LP) {y + J Ay) 

~ 1dm y - 4 A ).y . . (49) 

where / is any function of y and D operators are the successive differences of 
t>.y { dfjdy ). The step value Ay is chosen suitably small so that even tlie 
second difference is riegligibly small. The values of dfjdy are obtained from 
the dtuerential equations at any point. The differences are obtained by 
guessing at each step and finally checking them with the value obtained from 
the diilhrential equations at the next point. If the check is r.ot obtained the 
process is repeated till it checks within 1 in the last decimal figure. The 
lollowing table gives the run of n and iat different points along the radius, starting 
point being the position where the shock is first observed. 


U/Co 


u/C, 


1-00 

—0-60 

80 

8-1 

6-0 

1-01 

--0-64 

70 

7.6 

5-6 

1-02 

—0-67 

62 

7'1 

5‘2 

1-03 

-■0-70 

55 

6-7 

4-9 

1-04 

--0-73 

49 

6-3 

4-6 

1-05 

— 0-76 

44 

6-0 

4'4 

1-06 

_0-78 

40 

5-7 

4-2 

1-07 

—o-si 

36 

5-5 

4-0 

1-08 

—0-85 

33 

5-3 

3*8 

1-09 

—0-85 

31 

5-0 

3-6 



1 — J 

CO 




y 

•n 

s 

U,C„ 

t./tl., 

PIO 

_ 0-88 

28 

4 * 9 

3 * 5 

Ml 

- 0*90 

26 

• 1*7 

3 * 3 

M 2 

- 0*92 

24 

4*5 

3*2 

M 3 

- 0-94 

22 

4*3 

:i* 1 

M 4 

— 0 ‘ 9 G 

21 

4*2 

3*0 

M 5 

- 0-98 

19 

4*1 

2.9 

M 6 

— 0-99 

18 

4*9 

2*8 

M 7 

— 1-01 

17 

3*8 

2*6 

" M 8 

— 1-03 

16 

3*7 

2*6 

M 9 

- 1-05 

15 

3*6 

2'5 

1-20 

— 1-06 

14 

3*5 

2*4 

1'21 

- 1-08 

13 

3*4 

2* '5 

1*22 

— 1*09 

12 

3*3 

2*2 

1-23 

—Ml 

12 

3*2 

2*2 

1-24 

- M 2 

11 

3.1 

2*1 

1-25 

— M 4 

10 

3*1 

2*1 

1-26 

— M 5 

10 

3 * t ) 

2 '(» 

1-27 

- M 7 

y 

2*9 

1*9 

1-28 

— M 8 

y 

2*9 

1*9 

1-30 

— 1*21 

8 

2*7 

i*a 

1-32 

- 1*23 

7 

2*6 

1*7 

1-34 

— 1*26 

7 

2*3 

1*6 

1-36 

- 1*38 

6 

2*4 

i-r> 

1-38 

- 1*31 

6 

2*4 

1*5 

1-40 

- 1*33 

5 

2*3 

1*4 

1*45 

— 1*39 

5 

2-2 

1*3 

1-50 

- 1*45 

4 

2*0 

1*2 

1-55 

— 1-55 

4 

2*0 

1*1 

1-60 

— 1*56 

3 

1*9 

I't! 

1-65 

— 1*61 

3 

1*8 

u*u 

1-70 

- 1*67 

2 

1*7 

0*B 

1-75 

— 1*72 

2 

1*7 

()*B 

1-80 

- 1*77 

2 

1*6 

0"« 

2-00 

— 1-98 

2 

1*5 

0*6 

2-2 

- 2*18 

1 

1*4 

(l*.5 

2-4 

- 2*38 

1 

1*4 

()*.5 

2-6 

- 2*59 

1 

1*3 

0*4 

2-8 

— 2*79 

1 

1*3 

0*4 
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CONCLUSION 


From the table it is quite obvious how the shock decays in strength over 
the distance it travels. Following few points can be noted. The shock becomes 
visible at a certain depth from the surface of the star. The distance of this 
point from the centre in terms of the stellar radius would always be a fraction 
very near unity. By the time the shock decays it covers a distance nearly one 
and a half times the radius of the star. This fact may be possible in the case 
of shell stars which have the shell radius several times the stellar radius but for 
these hot stars like the present it does not seem to be possible. Knowing the run 
of the velocity of the shock front one can make some estimates of the time 
required for the effective decay of the shock under the present scheme. Taking 
a reasonable value of the fraction mentioned above and knowing the radius of 
the present star it is found that this decay will involve a time of the order of 
several days. Observationally also these two facts do not agree. The period of 
variation of velocity is only few hours and the range of the whole disturbed region 
of the atmosphere is only of the order of a tenth of the radius of the star. On both 
these accounts it can easily be concluded that according to the present scheme 
the decay of _ the strength of the shock is too slow to explain the obseved facts 
about the radial velocity variations of BW Vulpeculae.. 

Elsewhere (Odgers and Kushwaha 1959) a similar investigation is carried 
out for the case where it is postulated that although the tamperaturc on crossing 
the shock front increases by a large factor, the radiation flux due to this increase 
of temperature becomes very larger in those layers and the temperature is equilked 
very fast so that in eflect for calculating the decay of the shock strength the 
isothermal transition relations wilt hold. There it is seen that the agreement 
between the theoretical velocity curye and the observed velocity curve is fairly good 
over the region on which shock effectively decays. These two investigations to- 
gether seem to indicate fairly well that the true condition in the atmosphere of the 
star in question is very nc«r the isothermal case father than the adiabatic case. 

It may be noted that no attempt is made to suggest any probable mechanism 
for the origin of these shock waves. The only assumption is that howsoever the 
shock is produced, it is produced below the photosphere and it becomes visible 
as it travels towards outer layers of the star. 

In the end the author wishes to express his thanks to Dr. Odgers, G. J., for 
the very fruitful discussions in the initial stage of this paper. 
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abstract 

A distinct yellow colour is obtained when an alcoholic solution of Oxinc i» suldcil to an ntiucims 
solution of Bc3+. The absorption speotnim of the mixture tniixima tti 4Ul m ‘ 

presence of one complex. The stoichiometry of the components wtis dcfcniimcd by Ju” t cautimimw 
variation method by employing the ab orption spectra data anti was fmiiKl to Im I s i. I he (iiwto uuton 
constant of the complex was also determined by Job’s method by usitig non etiuitiutlft'uliU' sidntious uml 
was found to be 2'296x 10"a at 28'’G. A mechanism of the complex fonmttwti has also heett given. 

Separation of beryllium and aluminium by the use of oxiiic Juts Iwrii sttnlicd 
by several workers.^ Kolthoflf and SandelH have used {immtmiutti acetate he ftne 
adding oxine while Neissner® recommends the addition of a hot .Hidviiiou of oxtue 
before adding ammonium acetate. Kerlcy* has added acetic acid .ilojig with 
ammonium acetate. Lcibowitz and Young® have also shown that this ujeiltod of 
separation is correct when aluminium is in excess. These Workers had the Itasic 
view that aluminium forms an insoluble complex oxinatc with oxine while, beryl- 
hum does not form any complex. Recently it has been reported” that a prothiel 
of unknown composition is obtained by the interaction of bcryHiiun ions and 
oxine in a controlled pH system. It therefore seems that »io systematic physico- 
chemical approach has been made to study the actual nature of complex formation 
between Be®+ and oxine. 

The authors have briefly reported'^ the complex fonnatUm between Be ’ * and 
oxine. The detailed results of this investigation arc discussed here. 


EXPERIMENTAL 

E. Merck sample of beryllium sulphate, which on analysis for Be (as its 
oxide) and SO^ (as^ ^rium Sulphate) found to be BeSO., ‘111/), was used. Also 
AnaiaK sample of 8-Hydroxy-Quinoline (oxine) was used. Aqueous .solution of 
oxine m glacial acetic acid produces a yellowish red colour and an iitcoholic 
lutionol oxine '.has 1K> colour at all. • Therefore, anilcohoUc solution of oxine 
was preferred to the acetioaoM solution. If was found that when oxine is added 
^^’^yBium sulpha^p it produces light yellow to greenish 
y lour depending upon the concentration of the beryllium solution usetl . 

out by a Qolcman 

ive s 1 spectrophotometer, Modj) 14 with niatcjied cuvettes of 20^ ml, capacity. 
*fr«ent Address; Radiochemistry Pivision, Atomic' Energy ":feslabl«hmcn{, Troojbay, Sombay-SB . 
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To 2 c, c. of M/lO beryllium sulphate was added 20 c._c. of M/10 oxine and 
the absorption spectra of the mixture was studied in the visible region, from 380 
m/* to 780 mM. It was observed that a maxima in optical density is observed at 
410 m/* (Table I below). 

table I 


(Absorption spectra of 2 c. c. of M/10 BeSO^ 20 c. c. ( 

Df M/10 Oxine). 

Wavelength 

employed 

Optical density 

Wavelength 
employed (m/^) 

Optical desity 

380 - 

1-300 

590 

0-046 

390 

1-580 

600 

0-044 

400 

1 660 

610 

0-042 

410 

1-690 

620 

0-030 

420 

1-640 

630 

0-028 

430 

1-330 

640 

0-026 

440 

0-955 

650 

0-024 

450 

0-740 

660 

0-023 

460 

0-556 

670 

0-021 

470 

0-439 

680 

0-021 

480 

0-324 

690 

0-021 

490 

0-261 

700 

0-020 

500 

0-211 

710 

0-022 

510 

0171 

720 

0-023 

520 

0-139 

730 

0-024 

530 

0-110 

740 

0-025 

540 

0-089 

750 

0-032 

550 

0-072 

760 

0-038 

560 

0-059 

770 

0-046 

570 

0-049 

780 

0-060 

580 

0-047 




This clearly points towards a complex formation between beryllium sulphate 
and oxine. It has been found that an aqueous solution of berylium sulphate has 
no absojqrtion in the visible region and also an alcoholic solution of oxine has got 
practically neglibible absorption. All the measurements were made at the room 
temperature, 28°G. 

Stoichiometry of the Components .— actual nature of the complex formation 
was studied by Job’s continuous variation method.® The method in general is as 
follows : 

If any metallic ion A reacts with n molecules of B to form a complex ABn 
then the equilibrium between them shall bc-r- 

1 ,. , .,A + nB ABn 

.,A,pplying the Law of Ma^ Action — ' ' ‘ 

(A) (Bln 

The different sets of solution used for this method were similar to the 
beryllium oxalate system described in a previous communication.® The main 


point being that the solutions are ecpiitnolccular and the tutal volume is kept 
constant. Therefore, the restriction imposed, in general, is~ 

(A) + (B) = 0 where G is a constant. 

Whrn the concentration of ABn is maximum, then— 

(B) /(A) = n 

or d(ABn) ,-o 
d(A) 

In other words, for a constant total concentration of metal uttd chelating 
agent, the concentration is greatest when the metal snul chelating agent are 
brought together in the same ratios in which they exist in the chelatr,. *® In 
our case, as already mentioned, the chelate is the only colourc.d siibslance ju'cscnt 
having appreciable absorption. Therefore, the optical den.sity of the solution is 
proportional to chelate concentration. Hence a plot of optical density versus 
composition of the solution would give a maximum at the composition corrcspoml- 
ing to the formula of the chelate. Vosburgh and Copper^^ have RUggestted that 

instead of composition it is better to plot the ratio where (R) is the 

concentration of the organic ligand employed and (M) is the CiUicentraiion of the 
metallic ion. In Fig. I curves I— IV it will be seen that wc have employed the 
above method. 

different sets of solutions of M/U) beryUium snb.Uate 
and M/10 Oxine at wavelengths of 400, 450, 480, 50U and 550 m,-. (Table II). 


TABLE II 

(Absorption Spectra of M/IO BeSO.* and M/IO Oxiue), 


Volume of 

Volume of 

Optical densities at 


M/10 

M/10 






BeSO* 

Oxinc 






in ml. 

in ml. 

400 m/A 

450 m.a 

480 m}i. 

5i)rt 

.550 tn/* 

20 

0 

0-039 

0-025 

"o-on 

0-006 

0-00 1 

19 

1 

1-190 

0-228 

0-144 

0-024 

0-014 

18 

2 

1-460 

0-360 

0-253 

0-031 

0-016 

17 

3 

1-540 

0-490 

0-353 

0-043 

0 018 

16 

4 

1-590 

0-612 

0-416 

0-060 

0-021 

15 

5 

1-630 

0-758 

0-492 

0-()78 

0-024 

14 

6 

1-650 

0-860 

0-573 

0-102 

0-027 

13 

12 

; 

1-6I0 

0-960 

0-637 

0-132 

0-029 

8 

1-680 

1-010 

0-682 

0-155 

fr031 

” 11 

9 

1-690 

1-070 

0-711 

0-179 

mm 

10 

10 

1-690 

1-114 

0-739 

0-190 


9 

1 1 

1-690 

1-120 

0-765 

0-200 

8 

12 

1-700 

1-125 

0-783 

0-208 

{)*(]45 

7 

13 

i-;oo 

1-270 

0-790 

0-213 

Cl*()49 

6 

r 

14 

1-690 

1-250 

0-773 

0-208 

(11)49 

5 

A 

15 

1-680 

1-130 

0-002 

0-198 

0*047 

4 

o 

16 

1 f# 

1-670 

l-OOl 

0-604 

0-186 

0*044 

0 

0 

1? 
f Cl 

1-660 

0-920 

0-493 

0-169 

04l4f) 

'' ' 1 ' 

18 

1 rt j ‘ 

1-630 

0-810 

0-349 

0-139 

01)37 

1 

O--"-' 

20':'.:':": 

1-500 

0-178 

0-635 

0-060 

0-200 

0-050 

0-109 

o-o« 

01)33 

01)26 
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As is evident from Table tl the wavelength of 480 gives most satisfactory 
readings and was therefore selected for the whole scries of measurement. Further 
measurements have been done with M/20, M/30 and M/40 solution of each of 
Beryllium sulphate and oxinc at 480 m/*. The graphs between optical density 
and the ratio (R)/(R) + (Be®+) have been plotted in Fig. I curves I — IV. All the 
curves have the same maxima at 1 : 2 ratio of the metal ion and the organic ligand. 
Similar results can also be obtained if we take any other wavelength but the one 
chosen (480 m/‘) gives the best results. 


F=IG,.X 



CM 7 e""iT"BeS '04 =%• 10 ' M 1 Orine = 0-10 M 
II : BeSO^ = 0-05 M ; Oxine = 0'05 M 
III . BeSO* = 0-033 M ; Oxine = 0’033 M 
tv : BeSO* = 0-025 M ; Oxinc = 0-025 M 

Calculation of the dissociation constant,— Tht dissociation constant was calculated 
by the Job’s method Qoc. cit.) and as described previously by the authors* the 
enlarged equation was employed. As before, non-equimolecular solutions were 
prepared and graphs between optical density and the amount of ligands employed 
have been plotted. The maxima in the curve was taken as the value of x. Here 
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! 2)x 1 1 


k. form > a«d » 2- 

p «-> [(p+2) x-2)l‘« - Ktl“M 2 (p-1) (2-(' I 2)» M. 

or c» .p ( (p+2)x + 2 J « - K:(p‘“ 1)" . (2-3x) , 

c»p[(p+2)x-2:i* 
or K = ^2-3 x) 

Thus the dissociation constant is obtained by pvtlting the vuUics ol ‘b P «»<* 
V wheTe c stands fS the concentration of beryllium, pc suuuls b-r ^1'*^ ! 

tio^^DfthelSSa^^^^ 

sets as obtained from Fig. 11 curves I— IV have been tabulated below . 





X (MOLE FRACTION OKINE) 


Curve I : c zs OTO ; p ea 2*50 | % » 0*540 

II: c =0*10 ;p » 2*00 s k a 0»57S 

III : c !=0 05 ; p w 5*00 ; x m 0»460 

IV i c ~0?05 j p «» 4*00 5 X ^ 0*5U 
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tABtE 111 


(ftoota temperature » 28 ®G) 


Fig. No'. 

Curve No. 

^ C 

P 


Kx 10* 

■li.'; ' 

I 

O'lO 

2-50 

0*540 

2*325 

TF''' 

II 

0-10 

2-00 

0-578 

3* 284 

Tl 

III 

0-05 

5-00 

0*460 

2*289 

II 

IV 

0-05 

4-00 

0-511 

2*289 


Thus the average value of the dissociation constant is 2'296 x 10~® at 28°G 


DISCUSSION 

It is seen that there forms a 1 : 2 complex between beryllium ions and oxinc, 
which has hitherto been not noticed. The hydroxyl group of the oxine gives off 
its labile hydrogen ion in solution and the lone pair of electrons associated with the 
nitrogen co-ordinates with the Beryllium ion. A distinct lowering of pH is obtained, 
similar to the one obtained in the case of beryllium o- Cresotate system^* which 
supports the liberation of hydrogen ion. Therefore the reaction suggested is— 


86*+ -f 2 


/X/N 

I I J 
\/\/ 
OH N 


The above 
(Table IV). 


structure is supported 



2H+ 


following pH measurements 


System ; 20 c. c 


TABLE IV 

of M/10 BeSO^ 4* Oxine. 


M/2 Oxinc added 

pH of the sj 

0*0 c. c. 

3*62 

0*5 c. c. 

’ 3*41 

1*0 c. c. 

3*32 

T5 c. c. 

3-25 

2*0 c. c. 

3*16 

2*5 c. c. 

3*12 

3*0 c. c. 

3*10 

3*5 Ci c. 

3*10 

,4*0'' 'C'. m" 

3*23 

4*5 c. c. 

3*37 

5*00 c. c. 

3*48 

6*00 c. c. 

3*59 

7*00 c. c. 

3*63 

8-00 c. c. 

3*76 

1*00 c. c. 

4*12 
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As is evident Aom the abo'^e table, there is a marked fall of pf 1 frorti 3*62 to 
3’10 and thcn'again on increase which is easily accounted by saying that the Oxine 
is in excess. Thus the above structure is justified. 

The value of the dissociation constant obtained by taking the mean of all the 
concentration comes to be 2 296 X 10"’* at 28 'C, which have been tabulated in 

Table III. 

The authors express their grateful thanks to Prof. A. K. bhattaeharya for his 
kind interest and cncouiagement. 
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The differential equation for a Bessel polynomial of order n is 

§ + 2 ( * + 1 ) nin+, I )y . . (1) 

*% 

One of the solutions of (1) is (jc) » S ^ | j 

for positive integral values of n. 

The function has been studied by H. I/. Krau and O. Frink (1949), Emil 
Gross wald (1951) M. Nassif (1954), A1 Salam (1957), Garlitz (1957), G. K. Ohatter- 
jce (1957). Here I will consider some properties of the function believed to 
be new. 

Tarun’s inequality, for other functi rns, has been considered by G. S^ig (1948). 
Here, Tarum’s inequality for this function ii proved amongst other properties. 

Theorem 1. yf> (x) -- (it) Jl-n-i (x) 0 for all 

real * > 0 and n > 0 

Chatterjee (1957) proved thati (a- u » / -j) 

B x>r9f and^„+i = (2n + l)xy„ + y^ 


Hence-™ * [y„<‘ -y,+,y„.^] 

« e + l)x(y„^^y„+,y^) ^2x Sn+i.J'rt 

Let A* -x e -»/* 

Then ™ A« «= — 2 A+x J’n-a “ 0 if A+i or y„^ « 0 
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Chatterjee (1957) proved that x» = ('W—l) 1 

and = j'„ — (n x + 1) A-i 

Hence > 0 0 , .« >0 n>Ct 

d? * 


± 1) 2 V 

dx^ X 


< 0 i<y,rt V'- 0, A- > 0, » :>(), 


Since it is evident that j>„, j)„.i cannot be cqnal to zaa siiiuillancutisly. 

It follows that An is a minimum or maximum according as_y„n 0 or »«{) 
and X >0, n >0 

Let a be a Zero of We have Ax («) “ « « >'„** (a) >0, 

since y„, have no common sicro. 

Similarly for a Zero of also. 

Therefore, An (x) >0 at all its relative extrema on the x axis if >(h Hence 
the theorem. 

Ueorem 2. Tarun’s inequality holds good ihv Bessel functions also. 

We know that ^ and r. ^ ^«d) ^ 

If An = jy. then ^ An « J 

Hence, as before, An > 0 for all real values of z if z >0 

n 

Theorem 3. (1) y„ = ^ \ 1*3 (2r-l) x» X y„.t ~ r 


( 2 ) 2^r( t)^yJ^Jy., 


W, Al-Salam (1957) proved that 




_J-„.l(x) A. 


Ct 3, 

and S (x) = (1— < iiirl.^'rT.2^^) 

0 Li X 

Hence I («) jL « (1^2 xtyv^ ^ y,^^ (,) Ji 
Li «»o jn 

= [1 + <1 


p « 1 



Hence the result (1) of Theorem 3. 
a 

Again, s (f) i!Li!L = X 

n^.o ^ 

. ,[lr(l~2 jj ^ (i _2 xtyy^ ^ Ali-(L-2*oi ^ 

2a; 

.in=(]=?ioh_.;, w m "". 


2/ Sj„. 


«-i \ X 


Hence the result (2) of Theorem 3. 

Tkeorm 4. (i) ^ (2 n + 

« (x)j>f> (yi) + J'/j |.i (Ji) yp (aO—J’-i {tt)y^ (y-it~h 

•* + Jt - 

P 

(«■) i; (2« + (a) = ^. yj >: n ( y ) y {> (a)jo,(a)j-i(a) 

0 X 

Wn A* Al-Salam (1957) proved that 
yn+i w =" (2 n + 1) A j)„ (a-) _|- (x) 

Hence j>„+i (a) = (2 « + 1) a y„ (x) + (x), 

J'w+i Ox) = (2 « + 1) Ji J„ Ox) + y,n (yd- 
Hence (2 « + 1) (^J + J^i) y„ (x) y„ (y^) = (x) y„ (y^) + y„^^ (y^)y^^ (a) 

— A-x 0) A Ox) — 0'i)X. 0) 

Hence of Theorem 4. Putting a = wc get the result («) of 

r/wrm 5. If/ (.l.\ = 4 A (1 f 0 « * 


he expanded in a series in Legunder’s function then f (x) can 

be expanded in a series in j„0) if x>0.M>0 

Al-Salam (1957) proved that j>„ (») •=> jfPn (1 + xl) e dt 

( . a / 

n « X j p„ (1+0 dt 

Iff /.I A = xf^ h(l +t)e dt=> y, a„ X '.r f'n (1 + 0 X « A, 
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then f (x) a* S ^nJ^n W* 
Example. Let h (I + 0 


then / 


(-■)' 


X X* 




We know that == !£ a«-in (2) 

0 

A , . t, 

where a„ = --|f „ ".a,,-,,, ” ^ 

(2mT'l)2’” l”-^- 

j I n «'h 

"'"'1 

ri 

Hence 1 + fa ^/h x (n-1) x^ + ' ' 1 ^ W 
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ABSTRACT 

The formation of complex compounds between cadmium chloride and lithium chloride has been 
studied by the conductivity, viscosity, freezing point, refractive index and pH methods. The graphs 
obtained show six brraks at exactly the same points indicating the formation ol six complexes, ^namely, 
GdGU. 4 XiCLGda 2 / 2 Ua, ‘dCdCladLiCl, CaCU.HiCa, 3GdGIji2LiGl and 2CdClaXiGi of which only 
GdCiaXiCl has been reported by earlier workers, the other live being new compounds. I he above 
results have been confirmed by light absorption method. 


INTRODUCTION 

III continuation of the work on the study of the formation of complex com- 
pounds between cadmium chloride and alkali chlorides the work was extended to 
the study of the system GdCl^ - LiGl HaO. A survey of the literature shows that 
apart from the observation of A. Ghassevant^ who prepared hygroscopic needle- 
like crystals of lithium cadmium trichloride, LiGLOdOla. or LiCdCl^-S-S 

HjiO from a solution containing GdGla: LiGl in the proportions 1:2 and found that 
the crystals can be dehydrated at 120“ and that they are soluble in alcohol, no work 
has been done on the formation of complex compounds between cadmium chloride 
and lithium chloride. So it was thought worth while to investigate the system to 
find out the nature and number of complexes formed in aqueous solutions. 

EXPERIMEN TAL 

The substances used were of A. R, quality. Stock solutions of cadmium 
chloride and lithium chloride were prepared by dissolving the calculated amounts 
of the respective salts in conductivity water to form iVl/4 solutions. The method of 
monovariation of Nayar and Pande*-^ which consists in keeping the concentration of 
one of the constituents constant and varying the other systematically was adopted to^ 
prepare the subsequent solutions. A 50 cc. standard flask was taken and 12 cc. of 
lithium chloride was run into it from a burette. The requisite volume of cadmium 
chloride was then added and the volumes made up to 50 cc. with conductivity water. 
In this way 39 mixed solutions were prepared in all of which the concentration of 
lithium chloride was kept constant while the other varied systematically from 
O^OM to 0T50M (O-Occ. to 30*0cc.). The solutions were kept in steamed reagent 
bottles. These solutions were then subjected to caicful study by conductivity, 
viscosity, freezing point, refractive index and pH measurements, The conductivity 
and viscosity meusurements were carried out in an electrically maintained thermostat 
the temperature of which was kept at 30±0u)5^G. The freezing points were dete- 
mined by using tlie Beckmann F. P. apparatus. The temperature ot the cooling 
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m«intained at -5± TO. by the addition of ice or «alt M the cMe may tie 
m„ravoS 2SSv?,op5 cooling. 10 cc. of the .olatiot, w» '»ed lor each 

determination, the average of 3 detcrmlnatunuH being ns the one. 

ThrSetive index of cLhofthe mixed solutiom was measured by usm^i a.j Al.bc 
tvoe of refractometer. To carry out ihc detcrininiitions ut a cotisttail teiujieratiire, 
water was allowed to flow through the hollow prism casmgs bom a Utermosiat. the 
l^Speraturc of which was so adjusted that the water c..re.«lntmg tlmntgh the 
reJetometer was at 30°G. Care was taken to see that 

clean and dry before a new solution was placed on it. Iho pi I ot all the iiirml 

solutions were measured by using a Metrohm pH meter. I he rlectr.Hlcs were 
calomel and glass electrodes manufactured by the same company^ All tneasurc- 
ments were carried out at the room tempcraturc oi about 27 G. 1 he results c»f all 
the above measurements are shown graphically in graplm 1 and a. 



In order to confirm the results obtained by the above five methods recourse 
was_takenjo absorption spectra studies. The Beckmann spcctropliotoinetcr was 
used tor the purpose. Those concentrations at which complexes were found to be 
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SlarsoluS^^ percenlage absorption of the 

of cadmium cMoriL nnH r^- mixtures having the same concentrations 

mined in the ranpo ^9 ) oon^*^**^*^ individual solutions were deter- 

complexes present'in tW system w;; st“^^^^^ the absorption spectra of all the 



RESULTS AND DISCUSSION 

and pH^4TJXttedT.Sl& refractive index 

chloride (Graphs 1 and 2) Tn u ol the variant, namely cadmium 

In au Jotbi; oa,..”L i;™«“ „w“ IvkS." a? 


points corresponding to the 


Tr. .,11 *1. ' , iu me case 

miin pJni" Six breaks 

^formation of the ramc number^5 r physico-chemical properties indicate the 
be concluded that the 'ihnop y,«°5 having the same compositions it can 
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G«pb3.h.w. ..e of 

Ze dcvuaUm';V.HU the Httnnuatiun .hHmpli.n, 



WaV€ Li^N4f^t 7n 

s explained as due to the formation of complexes between the reactants. Nattirally 
the new product will have an absorption different from tho.se of the itulividnal .saffs 
or from those calculated for no reaction. The results of tlic al^orption spectra 
studies of all the six complexes iollow a similar course. So in order to ccunomi S 
space only one graph is given here. Thus all the dillercnt physlco-chenticsil pro- 
perties studied indicate that the above mentioned six complexes arc formed between 
cadmium chloride and lithiuni chloride in aqueous solutions. 
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